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RESULTS OF TREATMENT OF CARCINOMA OF THE LIP 
GRANT E. Warp, M.D. aNnp JAMEs W. HENprIcK, M.D., BALtTrmore, Mb. 


(From the Tumor Clinics, and Departments of Surgery of the Johns Hopkins University and 
University of Maryland) 


HIS report is based on a comprehensive study of 259 consecutive cases of 

patients with histologically proved epithelioma of the lips treated at the 
Johns Hopkins Hospital, University of Maryland Hospital, and in our own 
private practice, from Jan. 1, 1930, to Jan. 1, 1945. 


INCIDENCE 


The majority of the epitheliomas of the lips oceur in men. In this series 
of 259 cases, there were 251 men and 8 women. Table I evidences the fact that 
it is more frequently encountered in the aged group.* "14 It will be noted 
that 134, or 49.7 per cent (Table I), of these patients were over 60 years of age 
on admission. It is stressed that age seldom precludes carefully administered 
surgical measures or irradiation therapy. There has been a very low mortality 
in surgically treated patients with excision of the lip lesion, either simple or 
extensive, and neck dissection when necessary. 

There were three patients under 30 years of age. In reviewing the histories 
of these three cases, it is found that these patients were treated until metastases 
developed because their family physicians were of the opinion that malignancy 
did not develop in the lip at such an age. 


ETIOLOGY 


Epithelioma of the lip, as of the skin of the hands and face, is more fre- 
quently encountered in individuals with a thin, dry skin, without much pigment, 
and those who are exposed to the elements, especially to intense sunlight. One 
hundred three, or 38 per cent, had the following precancerous lesions: keratoses, 
leukoplakia, warts, papillomas, chronic fissures, especially in the commissures. 
A precancerous lesion may be defined as one which during its own course has a 
great tendency to become malignant.'* Cysts, tuberculosis, granuloma pyogeni- 
cum, adenomas, hemangiomas, and syphilis have very little tendeney to become 
malignant. 


Received for publication, June 6, 1949. 
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TABLE I. Two HuNDRED FIFTY-NINE CASES OF CARCINOMA OF THE LIP 














AGES 
(YR.) NUMBER 

20 to 30 3 

30 to 40 12 

40 to 50 55 

50 to 60 55 

60 to 70 73 

70 to 80 51 

80 plus 10 





Keratosis is a frequent precursor of lip cancer, especially encountered in 
individuals exposed to an abnormal amount of actinic ray. Keratosis may be 
limited to a small area or involve the entire lip. The lip is covered with fine, 
flaky scales, often becoming thickened, firm, and indurated or fissured, sug- 
gesting the presence of malignancy. Twenty-five patients gave a history of 
having keratosis for a period of a few months to several years before the lesion 
beeame malignant. 

Leukoplakia.—Our observations are in accord with others *% ** 1% ** that 
leukoplakia is frequently noted in people after mid-life; these lesions are more 
commonly encountered on the mucous membrane of the gums, cheeks, and tongue 
than on the lips. Leukoplakia was noted on the lips of seventeen of these 
patients; the malignant lesion developed in the leukoplakie area. Oral sepsis, 
syphilis, and smoking are the three more common precipitating factors of 
leukoplakia. Histologically, leukoplakia and hyperkeratosis present the same 
picture of hypertrophy of the squamous layer and sealing. There is growth of 
the rete pegs downward, and round-cell infiltration beneath the dermis. When 
leukoplakia begins to develop, there is a piling up of the surface epithelium, 
giving the appearance of silvery-white plaques. If malignancy ensues, the lesion 
becomes firm and may bleed when the surface is scraped. 

All too frequently, patients with a lip lesion and a positive serologic test 
for syphilis are treated indefinitely for syphilis until the malignant lesion is 
out of hand. Fourteen patients gave such a history. An adequate biopsy 
prevents such errors. It is doubtful that syphilis is important from an etiologi- 
eal standpoint. Five per cent of this series had positive serologic tests for 
syphilis, which is about the usual pereentage of syphilitics in eclinie patients. 
Nine of these patients had syphilis and cancer of the lip and were treated from 
six to twenty-four months with the erroneous diagnosis. Six of these were 
neglected until they had extensive metastases. 


ANATOMY AND HISTOPATHOLOGY 


Epithelioma of the lip arises from the mucous membrane of the vermilion 
border. All are squamous-cell lesions; they vary from the well-differentiated 
grade I to highly anaplastic grade IV (Broders).2 Most of these lesions are 
of low-grade activity; 84 per cent are either grade I or grade II. We agree 
with Figi’® that the behavior of a lesion develops (Table IV) a markedly 
increased activity if any agent is used that produces an acute inflammatory 
condition of the growth or in the tissues surrounding it. Such an agent may be 
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exposure to the elements, acute infection, a therapeutic agent as escharotic, 
x-ray, radium, or electrocoagulation.® '° *° If such therapeutic agents are used 
inadequately and fail to destroy the lesion completely, the growth takes on an 
increased activity, resulting in a greater likelihood of metastases. It is shown 
in Table IV that the histologic grade is higher in the seventy-nine eases that 
had previous therapy. 

The upper lip was involved in twenty cases, the lower lip in 239. Most 
observers have noted that lesions of the upper lip or the commissures grow more 
rapidly and are more difficult to control, metastases develop earlier, and the 
lesion is histologically more undifferentiated. Six patients had two, and one 
three, different distinct carcinomas at one time. 
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Fig. 1.—Lymphatics of the upper and lower lip. (Redrawn after Sassier, Rouviere, and Most.) 
(From Ward and Hendrick: Tumors of the Head and Neck, Williams & Wilkins, 1949.) 


ANATOMY OF THE LYMPHATICS OF THE LIPS 


The lymphatics of the lips have been well described by Dorendorf and 
Sassier,”? Rouviere,?* and Most.17 The lymphatics begin in a fine capillary 
network in the vermilion border and combine to form collecting trunks. The 
trunks from the upper lip (Fig. 1) and the commissure pass to the preauricular, 
postaurieular, intraparotid, submaxillary, and submental nodes. From the 
lower lip, the trunks pass to the mental, submental, and submaxillary nodes.2? 
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There is a free anastomosis across the midline, accounting for the frequent 
bilateral metastases from growths in this location. The fact that collective 
trunks frequently (22 per cent) enter the mental foramen causes involvement 
of the mandible. There were seven cases of involvement of the mandible in 
which only small nodes were noted in the submental or submaxillary area. The 
submaxillary group of nodes are also important; they lie in the area where 
the mandible is crossed by the facial vessels. The trunks from all the group 
of nodes empty into the jugular chain. 





Fig. 2, A and B.—Hyperkeratosis entire lip. A, Biopsy from one area of hyperkeratosis. 


DIAGNOSIS 


Due to its accessibility, carcinoma of the lip should be diagnosed early. 
Karly carcinoma of the lip is not painful, an unfortunate fact, for in a certain 
group of people pain is the one symptom that sends the patient scurrying for 
relief. The curability and the cosmetic results increase remarkably if early 
diagnosis is made and accurate treatment given. It will be noted in Tables I 
to VI that 47 per cent of the patients in this series of cases came for treatment 
during the first year of the disease, 22 per cent between one and two years, 13 
per cent between two and three years, and 15 per cent after three years. In 
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evaluating these figures, it is well to consider the size of the lesion at the time 
of the first examination. In 26 per cent of the patients, the lesion was under 
1 em. in diameter ; in 32.7 per cent, between 1 and 2 em.; in 18 per cent, between 
2 and 3 em.; in 16 per cent, over 3 em. in diameter; and in some eases involving 
either one-half or the entire lip, and in others extending out into the cheek. 





Fig. 2, B.—Biopsy 2 cm. laterally, very early squamous-cell carcinoma. 


“> ~ 


It must be stressed that any lesion of the lip that has the appearance of 
malignancy should have adequate biopsy, and any benign lesion that is elevated, 
fissured, or thickened should be biopsied. It should be emphasized also that the 
pathologist can pass only on the material submitted to him for examination ; 
consequently, representative material is essential and is best obtained at the base 
of the lesion. In this series, seventy-nine gave a history of having had previous 
treatment, and only twelve, or 15.1 per cent, stated that a biopsy had been 
taken before the treatment that they received elsewhere. 
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CERVICAL METASTASES 


It is imperative to determine, if possible, the presence of lymph node 
involvement in the drainage area of carcinoma of the lip. Prognosis and treat- 
ment will be governed by the presence or absence of metastases in the lymph 
nodes. Such a determination will depend upon the diligence of the examiner 
and his interpretation of findings. It is estimated that about 40 per cent of 
normal people have palpable lymph nodes in the submental, submaxillary, or 
carotid bulb areas. In this series, each patient was carefully examined to note 
the presence of nodes, their size, consistency, and mobility. One hundred 
nineteen patients, or 44 per cent, had palpable nodes. 


Cn. Pp) CA ») 
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Fig. 3.—A, V-shaped incision for removal of small carcinoma of the lower lip. B, Wound 
sutured with interrupted black silk sutures. 


CLASSIFICATION OF CASES 


It has been noted that in carcinoma of the lip, as well as in other parts 
of the body, lesions that have had no previous treatment behave quite differently 
from those that have had previous treatment. Consequently, for convenience, 
we are dividing this group into patients who had no previous treatment before 
consulting our clinies’® and those who had previous treatment (innocuous salves 
are not considered in the group which had previous treatment). Consultation 
of the tables clearly illustrates the fact that patients who had had no previous 
treatment, as a group, showed a predominance of grades I and II, histologically. 
trades II, III, and IV predominate in the previously treated group. These 
factors are important in planning therapy. 

Previous Treatment.—Previous comment was made on the fact that patients 
who have had previous treatment showed a greater cellular activity and 
tendency to develop metastases than those who had had no previous treatment. 
It also should be borne in mind that the disease was of longer duration in the 
secondary than in the primary series, a factor influencing prognosis. Of the 
seventy-nine patients who had previous treatment, seventy-three had treatment 
either with x-ray or radium, or both. Frequently, this treatment had been 
repeated and extended over a period of months or years. Many patients stated 
that the lesion persisted during the treatment or recurred within a period of a 
few weeks or a few months. In many eases effort was made to obtain from the 
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attending physician the amount of irradiation that had been given. Such 
information, when available, revealed that only a few hundred r. up to 2,000 r. 
had been given. It has been shown in eancer of the face, as well as cancer of 
the lips, that such small, inefficient applications of irradiation, repeated in- 
definitely, served to make the cancer more tolerant to therapy. 





B. 





Fig. 4.—A, Early carcinoma of the lower lip before treatment. B, Excellent cosmetic result 


after V-shaped excision. 
TREATMENT 


It was mentioned that 103, or 38 per cent, of our patients had precancerous 
lesions: that is, keratoses, leukoplakia, warts, papillomas, and chronic fissures. 
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It is indeed worth while to eradicate these lesions to prevent them from develop- 
ing into caneer.’* Fig. 2, A and B shows clearly the importance of removing 
such hyperkeratoses or leukoplakia and the transition from a simple hyper- 
keratosis into a malignaney. In Fig. 2, A the photograph shows typical appear- 
ance of hyperkeratoses. In Fig. 2, B the photomicrograph shows an area about 
2 em. lateral that demonstrates early malignaney. This substantiates the fact 
that any tissue should be submitted for histologic study. Fissures are more 
significant as a precancerous lesion than the others. Fissures in the commissures 
of the lips are more dangerous than those occurring in other areas of the lips. 
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Fig. 5. Fig. 6. 

Fig. 5.—Carcinoma of the lower lip resistant in spite of x-ray therapy, seven years’ 
duration. Grade I squamous-cell carcinoma (note outline of proposed operation). (From Ward 
and Hendrick: Tumors of the Head and Neck, Williams & Wilkins, 1949.) 

Fig. 6.—Lesion of lower lip excised with wide margin. Estlander flap prepared from 
upper lip. 

The fissure should be removed with a wedge-shaped or V-shaped excision; if 
the wound is carefully closed there should be no defect. This furnishes material 
for histologie study. 

Warts and papillomas can be removed either with electrodesiccation or 
surgical excision. If there is evidence that malignaney might be present, the 
tissue is submitted for histologic examination. 






In considering the treatment of cancer of the lip, it is imperative to con- 
sider separately the treatment of the primary lesion and treatment of cervical 
metastasis, if present. The former will be discussed first. 
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We agree, in a measure, with others who feel that very small or early 
lesions of the lip can be eradicated, either by surgical procedures or, in some 
cases, by irradiation. There has been considerable discussion in the literature 
relative to the merits of surgery and irradiation in the treatment of lip 
malignancies and their cervical metastases. Each has its own advantages, and 
each should be used according to the ease at hand. 

Treatment With Surgery.—lIf the lesion occurs on the lower or upper lip 
or in the commissures and is under 1.5 or 2 em. in diameter and does not 
infiltrate the lip deeper than 1 em. or 1.5 em., it can be well controlled by the 
V-shaped excision, as shown in Fig. 3, A and B, and Fig. 4, A and B, eare 
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Figs. 7. Fig. 8. 

Fig. 7.—Estlander flap mobilized and turned downward, mucosa being sutured. (It is 
to be noted that this is a modified form of Estlander flap in that the upper flap is more or less 
rectangular in shape, instead of triangular.) Base of defect altered by removal of two small 
V-shaped pieces of tissue so that defect may be converted into a V-shaped, instead of 
rectangular, flap. 

Fig. 8.—Estlander flap ready to be sutured in position. 
being exercised that the incision extends well around the growth, that is, 1 em. 
on each side. This surgical procedure can be carried out in a minor operating 
room under infiltration anesthesia with excellent results. The major factor is 
that there should be a good margin of tissue removed on each side of the 
growth. If the growth is of low grade, histologically, and the patient is over 
70 years of age, routine neck dissection is not considered imperative. Fre- 
quently patients are seen with carcinoma of the lip in whieh the malignaney 
apparently was of low grade, one that had been treated with irradiation over a 
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metastasis. Such a ease is shown in Figs. 5 to 10, the patient having grade 
squamous-cell carcinoma that was treated elsewhere with irradiation for 


— = ge 


* v7, 





Fig. 10.—Scar gradually fading out; good functional result. 
period of seven years. Biopsy revealed a rather differentiated type of ear- 
cinoma without cervical metastases. A modified Estlander operation was done 
on the affected side and the deformity closed by bringing a flap down from the 
upper lip. There has been no reeurrence of the lesion locally, nor development 
of cervical metastases. 
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period of years, the lesion never completely healing, yet not developing cervical 
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It is not uncommon to encounter very large lesions in the middle third of 
the lower lip that have been long neglected. Involvement that measures 2 to 
3 em. in diameter, with disease extending almost to the chin and with no lymph 
node involvement, requires the procedure shown in Figs. 11 and 12. The lesion 
is excised down to the chin with a margin of healthy tissue on each side. If 
possible, a strip of mucosa 1% em. wide should be left along the gum margin for 
tight closure. A small triangle is removed from the upper lip on each side. A 
transverse incision is made just beneath the chin at the base of the V, per- 
mitting a satisfactory closure. Raw edges of the flaps pulled in from each side 
are covered by suturing mucosa to skin. For this purpose the mucosa is cut a 
little higher than the skin along the bases of the triangles removed from the 
upper lip. To aid in mobilizing the lower lip, the mucosa of the bueecogingival 
suleus is incised on each side for an appropriate distance. Although the mouth 
is smaller, it functions well and extensive removal of tissue has been done to 


preven t recurrence. 





Fig. 11.—Extensive squamous-cell carcinoma involving two-thirds of the lower lip. 





Lesions of the lower lip, when neglected, frequently affect 40 per cent of 
the lip and infiltrate the muscle deeply. The orbicularis muscle may be de- 
stroyed. Irradiation, if effective, would leave a wide and deep defect, allowing 
saliva to drool constantly (Figs. 13 and 14). Since such defects require plastic 
repair, the lesion should have been excised in the first place. In such eases, a 
block excision of the lesion down to the chin is necessary. Closure is as has 
been outlined. 

Cancers involving the entire lower lip to the mandible are removed by 
electrosurgery without thought of immediate closure. The wound is left to 
granulate and close by cicatrization of mucosa to skin. After a lapse of six 
months to a year to assure against recurrence, the lip is reconstructed by 
pedicle or tube flaps from neck or chest wall. 











332 WARD AND HENDRICK Mercere 
Treatment With Irradiation—When the lesion is found to be under 1.5 em. 
in diameter and is 4 or 5 mm. deep in an elderly patient or one who refuses 
sane operative treatment, irradiation may be used with variable results. The 
lesion should be of low histologic grade. We have treated such lesions with 
6,000 to 7,000 r. of unfiltered irradiation, including a margin of 1 em. on each 
side. This therapy is given in broken doses at five or six sittings, spaced at two- 
to three-day intervals (Figs. 15 and 16). Our results have shown that this 
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Fig. 12.—Operation for removing extensive carcinoma of the central portion of the 
lower lip. , Large V incision, triangles to be removed from upper lip outlined. Horizontal 
incision at base of V and below chin to allow better shifting of flaps. B, Upper lip closed on 
right mucosa brought out from the inner side of the lip and sutured to the skin. C, Right 

membrane of lip. D, 


sice closed, mucous membrane of gingiva being sutured to mucous 
Lower lip reconstructed by closing all incisions and suturing mucous membrane over raw 
areas to the skin. (From Ward and Hendrick: Tumors of the Head and Neck, Williams 


& Wilkins, 1949.) 
method is better than if the entire amount is given at one sitting. It is to be 
remembered that cancer cells divide two to four times daily, depending on their 
cellular differentiation. By dividing the total treatment into several sessions, 
cells not destroyed in the first or second applications will be eradicated sub- 
sequently. 

Surrounding advanced lesions, frequently there is a zone of 0.5 to 1 em. 
which is found to be indurated and tender when examined between the palpating 
fingers. This zone of induration must be excised along with the tumor, or 
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included in the area treated if irradiation is used. These indurated growths 
do not yield well to irradiation, for frequently careful histologic examination 
after irradiation and removal will show persistence of the disease. 

Lesions of the lateral third of the lip with a history of rapid development 
and a histologic grade of II, III, or 1V may extend to involve the mandible on 
the same side. It has been shown that the lymphatics of the lower lip enter 





Fig. 13.—Squamous-cell carcinoma of the lower lip that has invaded the muscle. 








Fiz. 14.—Healing after x-ray therapy (note defect preventing closure of the mouth and con- 
stant drooling of saliva; plastic repair must be done). 


the mental foramen in 22 per cent of normal individuals; consequently, it is 
not unusual for the malignant process to extend to the mandible. If there is any 
doubt of jaw involvement, a roentgenogram of the mandible should be made 
before any treatment is planned. Symptoms of early involvement of the 
mandible are anesthesia of the lip on the side of the lesion and ‘‘toothache’’ or 
pain in the jaw. Nine eases of this series had mandibular metastasis. In six, 
the mandible was involved to a limited extent, so that it was necessary to 
remove only the outer table, but in the other three the entire width of mandible 
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Fig. 15.—Squamous-cell carcinoma of lower lip in white man, 








following x-ray therapy (note little defect and good functional 
result). 


Fig. 16.—Excellent healing 
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had to be resected. When the mandible is diseased, it is our policy to excise 
the local lesion and the involved area of bone in one block, along with excision 
of the lymph-bearing areas on that side of the neck. Such a case is shown in 
Fig. 17. The patient had a rapidly developing carcinoma, grade III, with 
anesthesia over the right side of the lip. X-ray view showed involvement of 
the right side of the mandible. 

Lesions that involve the upper lip and the commissures are more difficult 
to control than those involving the lower lip. Fortunately they are less fre- 
quent and account for only 5 or 6 per cent of the entire group of carcinomas 
of the lips. If the lesion is encountered early, V-shaped excision with a wide 
margin is the treatment of choice. If encountered later, the tumor is surgically 
excised with the transfer of pedicle flaps from the cheek. 





Fig. 17.—Roentgenogram showing involvement of the right mandible by extension of carci- 
noma of the lip. 


A number of vears ago, radium plaques, moulages, or the implantation of 
radium needles were used in the treatment of cancer of the upper and lower 
lip. The same effect can be obtained with irradiation by x-ray with greater 
ease and less time than by radium. Now we seldom use radium in any form in 
the primary treatment of lip cancer. Frequently extensive slough and infee- 
tions develop in and around such lesions that were treated with the implanta- 
tion of radium needles. 

Prophylactic treatment of cervical metastases has been discussed in the 
literature for many years. There are those who are inclined to treat all lip 
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malignancies by irradiation and contend that they prophylactically sterilize the 
node-hearing area by small doses of irradiation.’:*° The suggested dosage is 
about 1,500 to 2,000 r. on each side of the neck. We cannot coneur in any 
measure with this program; since it requires 6,000 to 7,000 r. of irradiation to 
sterilize primary lip cancer, how ean 1,500 to 2,000 r. be expected to sterilize 
metastases in cervical lymph nodes? On the other hand, it has been repeatedly 
demonstrated that if the primary lesion is adequately treated early, there is far 
less likelihood of metastatic emboli breaking away from the parent tumor and 
lodging in the node drainage area. Consequently, the greatest prophylaxis is 
to treat the primary lesion adequately, and we maintain that this is best accom- 
plished by surgical excision. 

If the lesion on the lip is under 3 em. in diameter, of low histologic grade, 
and if there are no palpable nodes in the submental or submaxillary areas, we 
do not suggest routine suprahyoid neck dissection. If the lip lesion is less than 
1.5 em. in diameter and of high histologic grade (II, III, IV), and if there are 
no palpable nodes in the submental or submaxillary regions, we do not advise 
routine suprahyoid neck dissection. The patient should be observed every two 
months for the first year, every three months the subsequent year, and every 
six months after that, for a period of five years at least. If nodes develop in 
the drainage area, suprahyoid dissection should be done immediately.***° — If 
the lesion is over 1.5 em. in diameter, has a history of short duration (rapidly 
growing), and a histologic grade of II, III, or IV, we stress the importance of 
routine suprahyoid dissection, even though no nodes are palpable, especially if 
the patient is in good physical condition and under 70 years of age. The 
mortality from routine suprahyoid neck dissection as a prophylactic or curative 
measure has been reported as being from 14 of 1 per cent to as high as 12 per 
cent. The mortality of all surgical procedures in this series was 1 per cent. 

If the lesion is limited to the lateral third of the lip and enlarged firm 
nodes are found only on one side, the neck dissection should be limited to the 
involved side. If the lesion is in the middle third of the lip and nodes are 
palpable on either side, a bilateral dissection should be done. If positive nodes 
are found on one side of the neck during the operative procedures, the dissection 
should be extended to remove the jugular chain of nodes. This is done by one 
of two procedures: either the dissection is continued downward to the crossing 
of the jugular vein by the omohyoid muscle,’* ** or a complete radical neck 
dissection is carried out. We have followed this plan of treatment for several 
vears and have been rewarded by having a substantial number of patients 
living without recurrence for a period of five to ten years following such treat- 
ment.S In the event that positive nodes are found in the suprahyoid resected 
specimens from both sides of the neck, then a radical neck dissection should be 
done on both sides. It is a much safer procedure to space the radical neck dis- 
sections at six or eight weeks apart. 

Patients with extensive metastases to one side of the neck, with a mass of 
nodes measuring from 3 to 5 em. in diameter fixed to the surrounding structures 
or occasionally to the mandible, should not have surgical excision at once. It 
is our policy to treat the involved mass of nodes with irradiation to the skin 
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tolerance, followed by implantation of radon seeds, if necessary, to reduce the 
mass and make it operable. After five or six weeks a radical neck dissection is 
done en bloc, with a section of mandible, floor of mouth, and other soft parts, as 
indicated. It may be necessary to close the defect by plastic procedures at a 
later date. 

A number of so-called local recurrences really are new lesions developing 
near the site of the original growth.'® This is more frequently seen in patients 
in whom the cancer arose in extensive keratosis or leukop'akia. Six patients 
developed a second cancer in the lip about 2 em. distance from the primary 
cancer. 

Each year the ¢linie is consulted by a number of patients who have been 
treated elsewhere with irradiation and, on admission, present a lingering, in- 
durated, firm uleer. An adequate biopsy is imperative before any type of 
therapy is considered. Usually adequate biopsy will prove persistence of the 
malignaney, even though at times clinically it simulates a breakdown of the 
tissue from the effects of the previous irradiation. These persistent lesions 
should be excised widely and the type of plastie procedure instituted that will 
close the particular resulting defect. Some lesions involving the commissures 
not infrequently extend and destroy a sizeable area of the cheek inside and out, 
leaving a large defect requiring a pedicle or tube eraft from the neck or chest 
to close the defect. After the graft is raised, and before it is transferred, the 
distal end is lined with a split-thiekness graft which will serve as a linine for 
the cheek. 

FOLLOW-UP 


It is imperative for all who undertake to treat any form of cancer to have 
an accurate system for follow-up study of all treated patients. Irom the pa- 
tient’s standpoint, this is valuable in recognizing a recurrence early, so that 
appropriate treatment can be instituted immediately to prevent further develop- 
ment into an ineurable stage.’ From the scientific standpoint, it will assist the 
clinician in evaluating the forms of treatment that he is using and the actual 
status of patients having a definite type of malignancy. If a systematie follow-up 
is instituted and its importance explained, the patient will give mueh better 
cooperation, although there are always a number of patients who will be of the 
opinion that as soon as the local lesion is healed there is no necessity for further 
observation. <A definite appointment for future re-examination makes the pa- 
tient more prone to return. It is gratifying that we were able to make follow-up 
studies of about 85 per cent of these patients for at least three years, and some 
of them since 1930. 

Kach type of lesion is evaluated and a definite follow-up interval between 
examinations established, for some types of cancer recur more frequently than 
others and should be followed more closely.” '°'!° The interval betwcen_ re- 
examinations of patients having had eancer of the lip is as follows: during the 
first year, every two months; the second vear, every four months; the third, 
fourth, and fifth years, every four to six months. If the lesion is gerade ITT or 
IV, we reduce the time, because we know lesions of these grades reeur more 
frequently and the recurrence is more difficult to control. 
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ANALYSIS OF CASES, END RESULTS, AND SUMMARY 


This series of 259 histologically proved, consecutive cases of patients with 
‘arcinoma of the lip treated at the Tumor Clinies of the Johns Hopkins Hos- 
pital and the University of Maryland Hospital, and in our private practice is 
all-inclusive. Both primary and recurrent cases were admitted to our study. 
It is the poliey of both clinies to accept for treatment all ambulatory patients 
with cancer, no matter how far advanced, if the patient is willing to cooperate 
and accept treatment, even though it is of a palliative nature. Dr. R. V. Rider, 
Biostatistician of the Johns Hopkins Hospital, has established definite criteria to 
record the results of any series of cases for statistical purposes. To develop the 
net end results in a given series, he subtracts only eases in which an unfavorable 
outcome is not due to cancer or in which the end results are not definitely known 
because the patient was lost to follow-up after one year’s freedom from the 
disease. In this series, a three-year follow-up and a five-year follow-up period 
were used. The three-vear freedom from disease was defined as one in which the 
patient has remained free from a recurrence of the disease for at least a period 
of three years following the last treatment. The five-year period is one in which 
the patient fulfills the same criteria for a period of five years. 

The series of cases was divided into two groups. The primary group is 
defined as patients who have received no previous treatment other than in- 
nocuous salves before consulting us. The secondary group is defined as patients 
who were treated elsewhere with x-ray, radium, electrosurgery, surgery, or a 
combination of these modalities before registering at our elinies. Perusal of the 
tables will evidence the fact that the primary group has a more favorable 
prognosis. 

There is a definite relationship between the size of the lesion and _ its 
eurability (Table II). For example, in the primary group 74 lesions, or 41.1 
per cent, were under 1 em in diameter; 60, or 33.3 per cent, were between 1 
and 2 em. in diameter. It will be noted that there were 95 per cent nonre- 
currences in five vears when the lesions were under 1 em. in diameter, and when 
the lesions were between 1 and 2 em. in diameter there was a five-year salvage 
of 80 per cent. In the results of lesions that were over 3 em. in diameter, some 
involving one-half of or the entire upper lip, the five-year curability dropped 
to 41 per cent. In examining the results in the secondary group, it was noted 
that only one patient came in with a lesion under 1 em. in diameter. The 
greater percentage of the lesions was over 2 em. in diameter; therefore, the 
curability was reduced remarkably. 





TABLE II. RELATIONSHIP OF SIZE Or LESION TO CURABILITY 


| 
SIZE OF LESION | NUMBER OF [os YEAR CURE|5 YEAR CURE] NUMBER OF |3 YEAR CURE|5 YEAR CURI 





PRIMARY CASES SECC INDARY CASE S 


IN (CM.) CASES |(PER CENT)|(PER CENT) CASES (PER CENT)|(PER CENT 
aes) aT we ~~ oo 79 —— 
Under 1 74 97 95 l 100 100 
1 to 2 60 83 SO 24 76 71 
2 to 3 2a 64 59 31 6] 54 
Over 3 19 49 4] 23 44 4] 
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Table III illustrates the fact that the patients who have had previous 
treatment are more prone to develop metastatic nodes.® '° 1% 7° In the primary 
group, nodes were noted in 41 per cent of all of the cases, and it was deemed 
advisable to do a neck resection in 53, or 29 per cent. In the group of patients 
who had neck dissection, 43 per cent revealed positive nodes. In this group, 
14 per cent of the patients who had positive nodes at operation were observed 
to have no palpable nodes on repeated examination of the neck before a neck 
dissection was carried out. Of the patients in this group who had a grade TIT 
or IV lesion of the lip, 15, or 8 per cent, developed a loeal reeurrence; 35 
patients, or 19 per cent, developed recurrences in the nodes following their 
initial treatment. Local recurrences and also recurrences in the nodes were 
treated, as outlined previously; there were 23 cancer deaths in this series of 
180 cases, the deaths occurring from one day to seven years. 


TABLE IIT 














NUMBER PER CENT 
Primary group (180 cases) 
Palpable nodes 75 41 
Neck dissections 53 , 29 
Nodes resected, positive 23 43 
Local recurrence 15 8 
Recurrence in nodes 35 19 
Died of cancer (0) to 7 years 23 
Secondary group (79 cases) 
Palpable nodes 44 55 
Neck dissections 47 73 
Nodes resected, positive 29 61 
Local recurrence 7 9 
Reeurrence in nodes 25 a 
99 
—) 


Died of cancer 0 to 7 vears 








In the secondary group of cases (Table III), 55 per cent had palpable 
nodes ; it was deemed advisable to do neck dissections in 47 cases, or 73 per cent ; 
nodes removed during the neck dissections were positive in 61 per cent; 9 per 
cent of the patients had a local recurrence, and 31 per cent had recurrence in 
the nodes in the drainage area. Of this group of 79 patients, 23 died of cancer, 
the deaths occurring from one day to seven years after they were frst seen in 
the elinies. It should be noted that the same number of deaths occurred in the 
secondary group ot 79 cases that occurred in the primary group of 180 eases. 

The relationship between the histologic grade of the tumor to recurrence 
and recurrence to curability has been stressed many years by students of 
oneology.* 18 1: 2427 Table IV clearly illustrates this relationship. Contrast- 
ing the percentage of the various grades in the primary and secondary groups, 
it will be readily noted that in the primary group 48 per cent of the eases were 
in grade I, and that only 9 per cent developed a recurrence in the nodes. In the 
secondary group, also, there were 22, or 27 per cent, in grade I. Of these, 2, 
or 9 per cent, developed recurrences in the nodes, indicating the slowness with 
which grade I cancers metastasize. The higher grades, that is, grades II, III, 
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TABLE LV. RELATIONSIIIP OF GRADE TO RECURRENCE 
| CASES | ~ RECURRENCE IN NODES 
GRADE | NUMBER | PER CENT | NUMBER PER CENT 
Primary Cases 7, : 
I 85 LS S +) 
O7 38 14 20 
Lt] 19 S y 17 
LV 9) } 5 50 
Secondary Cases 
I oe oT » Qg 
I] 37 16 10 25 
II] 13 16 S 60 
IV 7 Q 5 70 


and IV, comprise the greater percentage of the patients in the secondary group. 
It is in this group of patients that great care must be exercised, to treat not 
only the primary lesion, but also the node-bearing areas. 

Table V substantiates the fact that curability deercases markedly as the 
grade increases. It will be noted there was a 95 per cent three-year salvage in 
grade I, which was reduced to 38 per cent in grade IV. 


TABLE V. RELATIONSHIP OF GRADE TO CURABILITY 


a 
CRADE NUMBER OF CASES » YEAR CURE (PER CENT ) 
l 107 95.4 
i] 114 81.4 
Il] 32 45.5 
lV 16 38.2 


Table VI illustrates the end results in the 259 eases in this series that have 
been carefully followed over the period since 1980. The three-vear nonrecurrence 
in the entire series was 74.5 per cent; five-vear nonrecurrence was 70 per cent. 
It will be further noted that in the primary group of 180 cases, there was 76 
per cent three-year nonrecurrence and a five-year curability of 72 per cent, as 
contrasted to the secondary group of 79 eases with a 66 per cent three-year 
nonrecurrence, and 64 per cent five-vear nonrecurrence. In breaking down the 
results in the primary group, it will be noted that a limited number of patients 
were treated with surgery, as outlined previously. Three-year nonrecurrence in 
this group was 93 per cent; five-year nonrecurrence was 89 per cent. The group 
of 69 patients treated with irradiation gave nonrecurrence in three years of 81 
per cent, and in five vears of 79 per cent. These figures show from 10 to 12 
per cent better results with surgical treatment than with irradiation. In these 


TABLE VI. ENpbD RESULTS IN ALL PATIENTS TREATED 











NUMBER 3 YEAR CURES NUMBER 5 YEAR CURES 
(PER CENT) (PER CENT) 
Primary group, 180 76 72. 
Surgery, 72 93 89 
Irradiation, 69 81 79 
Combined, 39 58 5] 
Secondary group 
All methods, 79 66 64 
Total number, 259 74.5 70.1 
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two small groups of cases, treatment was selected after an evaluation of the 
lesion, and the choice was made according to what was thought best for each 
patient. There was a third group of 39 patients who had combined treatment ; 
a three-year nonrecurrence was obtained in 58 per cent of the patients, and five- 
year nonrecurrence in 51 per cent. It will be readily understood that this 
group had more extensive lesions and required a combination of methods to 
eradicate the disease. 

Surgery gives between 10 and 12 per cent better five-year nonrecurrences 
than irradiation. In 72 patients who were treated surgically, there was a five- 
year nonrecurrence in 89 per cent. In 69 patients treated by irradiation alone, 
there was a five-year nonrecurrence rate of 79 per cent. The over-all five-year 
nonrecurrence in all patients, treated either by surgery, irradiation, or a com- 
bination of the two, was 70.1 per cent. 
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THE SIGNIFICANCE OF FIXATION IN OPERABLE CARCINOMA 
OF THE LARGE BOWEL 


EVERETT D. SUGARBAKER, M.D., AND Horace M. WILEy, M.D. 
JEFFERSON City, Mo. 


UCCESS in the surgical attack upon carcinoma of the rectum will depend 

with few exceptions on adequate removal of the primary tumor and its 
lymphatie draining area. Failures that result from hematogenous spread 
occurring by way of local vein invasion may not properly be considered the 
responsibility of the surgeon for there appears to be no present means of 
coping with this situation. The attention of earlier surgeons was primarily 
occupied with removal of the rectal tumor itself and it was not until Miles 
drew attention to the paths of lymphatie spread that the importance of this 
aspect of the problem was seriously considered. Since then, as a result of the 
painstaking work of Westhues,! Gabriel, Dukes, and Bussey,’ Gilehrist and 
David,* and others, an increasingly clearer appreciation of the quantitative 
importance of the lymph node problem has been developing. In high rectal 
or rectosigmoid cancer we have in the past attempted wherever possible to 
carry node removal to the point of emergence of the inferior mesenteric ar- 
tery from the aorta by sectioning the inferior mesenteric vessels just distal 
to that point. This was prompted by the desire to obtain a longer lymphatic 
node chain than is possible by sectioning at conventionally lower levels at or 
somewhat above the sacral promontory. When a lesion is situated high in 
the rectum or in the rectosigmoid area, sectioning of the mesenteric vessels 
somewhere between the sacral promontory and the aortie bifureation results 
in the removal of a woefully short lymphatic chain. Gilchrist and David* 
have recently demonstrated in carefully done autopsy studies that, unless 
higher sectioning is done, lymph nodes containing metastatie deposits are 
very likely to be left behind. These developing concepts regarding the im- 
portanee of wide lymphatic removal in rectal cancer have steadily improved 
the outlook for cure with five-year survivals now ranging between 50 and 60 
per cent of the resectable cases. Conversely, it might be stated that failure 
to cure oceurs in 40 to 50 per cent of all patients resected. Among the sev- 
eral factors responsible for this failure obviously must be a greater or lesser 
inability adequately to cope with the primary tumor. 

It may be stated as a well-established dictum in the surgery of cancer 
that suecess is most likely to he obtained where a generous margin of normal 
tissue is removed at all points about the tumor. Indeed, it is to this principle 
alone that the surgical treatment of cancer owes its success. Residual cancer 
or small fragments of tumor, even though of microscopic size, may not be 
expected to regress spontaneously. To these residua in clinical experience has 
been applied the unfortunate misnomer, ‘‘recurrences.”’ 
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Cancers of the rectum are almost exclusively ulcerated. The highly in- 
fective nature of the bowel contents would seem to make tumors of this re- 
gion more than usually liable to some of the complications of infection. It 
has been fairly generally assumed that varying degrees of fixation of rectal 
‘arcinoma are due in large part to this elment. In an attempt to diminish 
such fixation and facilitate technical removal by partially re-establishing the 
anatomie planes of cleavage, stage operations, preliminary resort to bowel 
antisepties and anti-inflammatory doses of x-ray therapy have not infrequently 
been resorted to. When cleavage planes partially obliterated in an area ad- 
jacent to a rectal carcinoma are being traversed, few surgeons have not en- 
tertained a hope that the fixation is on an inflammatory rather than a neo- 
plastic basis. Indeed, one commonly hears this hope expressed. We recently 
reported a group of patientst in whom one or several structures adjacent to 
the bowel tumor were removed because of an extreme degree of fixation of the 
sanecer which appeared to them to suggest that anything less radical than 
extension of the conventional types of bowel resection would be futile. On ex- 
amining microseopie sections taken through the area of fixation in these cases 
it was found that, though an inflammatory element might be and usually was 
present, tumor cells were also present in almost all instances. In fact in 40 
per cent of the specimens actual invasion of the adjacent strueture had al- 
ready taken place; in all of the remaining specimens except one, the cancer 
cells had penetrated all coats of the howel but had not yet invaded the ad- 
jacent organ and in only this one of fifty-six cases could inflammation alone 
be found to aceount for the fixation. Under such somewhat surprising ¢ir- 
cumstanees, therefore, it was felt necessary to inquire whether patients, in 
whom it had not been considered necessary to remove adjacent structures be- 
‘ause they presented lesser degrees of fixation, should not be examined in 
the same manner in an attempt to determine what the possibilities were that 
residual tumor might have heen left behind in them. Accordingly, all of the 
remaining tumors, which had been situated entirely or in part below the peri- 
toneal reflection of the cul-de-sac and in which additional structures had not 
been resected, were similarly studied. They were divided into two groups, 
those in which all examiners had unequivocally considered the lesion to be 
freely movable (Table I, Group 3) and a second group in which any examiner 
had equivoeated in any way regarding the mobility of the lesion (Table I, 
Group 2). Into this group were ineluded those tumors which had been de- 
scribed as ‘‘moderately movable,’’ ‘‘moderately fixed,’’ ‘‘semi-fixed,’’ ‘‘barely 
movable,’’ ‘‘slightly fixed,’’ ‘‘questionably fixed,’’ and ‘‘fairly movable.” 
Of the freely movable tumors it was found that in fifteen of fifty-two speci- 
mens (29 per cent) all coats of the bowel were involved with tumor cells ex- 
tending out to or into its rather thin adventitial covering. Of the second 
eroup, in which there was considered to be some degree of fixation, forty-two 
out of forty-eight specimens (87 per cent) presented this degree of tumor ex- 


tension, 
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Ordinarily the entire rectum may be palpated with no difficulty. Ocea- 
sionally, however, in very obese individuals or in those with little space be- 
tween the ischial tuberosities, it may not be possible to reach beyond the mid- 
dle third of the rectal ampulla. Under sueh circumstances final decision as to 
the mobility of a lesion in the upper ampulla is arrived at in the operating 
room after the abdomen has been opened. With one hand in the pelvis from 
above and another palpating through the rectum from below, mobility may 
be readily determined. 
TABLE I. SHOWING THE RELATIONSHIPS OF THE DEGREE OF FIXATION OF PRIMARY TUMOR OF 


THE BOWEL TO WALL PENETRATION BY NEOPLASTIC TISSUE AND TO THE PRESENCE OR 
ABSENCE OF OTHER OMINOUS PATHOLOGIC SIGNS 
































PER CENT SHOWING NO 
PER CENT SHOWING OTHER OMINOUS 
INVOLVEMENT OF ALL PATHOLOGIC SIGNS OTIHL{ER 
CLINICAL STATUS OF THE PRIMARY COATS OF THE BOWEL THAN THE LOCAL 
TUMOR WALL EXTENT* 
Group 1 ie a ro 
Solid fixation 98.2 40 
Other structures removed 
Group 2 i a 
Varying degrees of less than solid 87 55 
fixation 
Other structures not removed 
Group 3 ca iain ener Si spilt  . o 
Movable lesions 29 735 





Other structures not removed | 








; *Though all specimens were tirelessly examined for lymps nodes and all nodes were sec- 
tioned, the Spalteholtz clearing method was not employed. 

The final evaluation as to how serious a situation is presented by these 
findings could not be completely assessed without careful post-mortem exam- 
ination of the pelvis for evidence of reeurrence in all patients dying within ten 
years both of carcinomatosis and unrelated causes. However, there could be 
little controversy with the fact that cancer cells were being inadvertently ap- 
proached far more closely than would have been considered safe had full 
realization of this situation existed. One is naturally inclined to inquire, 
therefore, into the desirability of more adequately incompassing the primary 
disease where any degree of fixation exists, in other words, of performing a 
greater number of what we have termed ‘‘extended resection”’ for grades of 
fixation of lesser extent than would previously have been considered justi- 
fiable. 

Two other aspects of the problem will require examination in this regard: 
(1) The frequeney with which other ominous pathologie findings are enecoun- 
tered when fixation is present, and (2) the increased mortality resulting from 
“extended resection.’? Obviously, if the dangers of failure based on other 
ominous pathologie signs such as lymph node involvement, blood vessel in- 
vasion, and perineural lymphatic involvement are as great or greater than 
they are from the local invasiveness of the primary lesion, then too vigorous 
attempts at removal of the primary tumor might be considered unreasonable. 
Also, if the inerease in operative mortality outweighed possible salvage in 
cured patients, such increased radicalism might appear unjustified. 
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Among the patients previously reported (with some additions since, now 
totaling 56) in which other structures were removed (Table I, Group 1), it 
was noted that in 40 per cent of the specimens the local extension was the 
only ominous feature of the disease. Among those in which some degree of 
fixation was present, but in which other structures were not removed (Table I, 
Group 2), the local disease was the only ominous pathologie finding in 55 
per cent of the cases. One may, therefore, conclude that many rectal ecar- 
cinomas appear to dissipate their activity, for a considerable period at least, 
in local growth alone and that, therefore, the adoption of a policy aimed at 
wider local removal should have a good chance of increasing one’s success. 

In regard to operative mortality, it must be coneeded that in our hands 
the mortality for extended resections exceeded that of the conventional types 
of resection by two times (10 per cent versus 19 per cent, respectively). In 
general, however, these fatalities have occurred almost entirely in the ex- 
tensively involved patients and not in those who approached in extent of dis- 
sease the group in whom greater radicalism is presently being urged. 

One could hardly dispute the obligation to offer to each patient all pos- 
sible chance for cure. Therefore, when grossly apparent invasion of other 
and nonvital viseera or solid fixation to them has occurred (Table I, Group 1) 
and where metastatic spread beyond the limits of surgical accessibility can- 
not be found, extended resection would seem to be obligatory regardless of 
the higher mortality encountered. That such chance for cure is not to be min- 
imized is indicated in a recent report of Gilchrist and David in which of thirty- 
five patients so treated, 40 per cent survived five years. When such grossly 
apparent extrabowel invasion is not present, however, but when firm fixation 
is present (Table I, Group 2) one ean hardly be so dogmatic. Under such 
cireumstanees an evaluation of the risks of an extended operation versus in- 
creased chance of tumor recurrence if an extended resection is not done must 
be made. It would seem clearly indicated, however, that whenever some fixa- 
tion of the tumor has been noted, the limits of resection should be extended 
beyond the conventional tissue planes provided the operative condition is not 
poor. The only reasonable exception to such a rule would seem to apply in 
lesions lightly fixed to the bladder base. One might well hesitate to remove 
this important structure unless the fixation was of a more marked degree. 
Removal of the uterus, cervical stump, posterior vaginal wall, Denonvilliers’ 
fascia, the prostate, or portions of the presacral fascia under ordinary cireum- 
stances should cause little hesitation, however, when weighed against possible 
recurrence and failure to cure. It would also appear that the indications for 
such extension of operation are much more frequently present than is gen- 
erally appreciated as reflected in common surgical practice, particularly in 
regard to carcinoma of the rectum. In the case of freely movable lesions 
(Table I, Group 3) wider removal would also seem occasionally desirable. 
However, since there is no known means of determining which these are, it 
loses most of its practicality since in more than two-thirds of the patients com- 
plete wall involvement does not oceur. 
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CARCINOMA OF THE COLON 


Of twenty-one carcinomas of the colon which were found at exploration 
to be adherent to other structures (excluding the omentum), involvement of 
the serosa was present in all. Of sixteen of these in which the adherent struc- 
tures were removed en bloc with the colon, it was found to be invaded in 
seven instances. It would appear, therefore, that to free a colonic lesion from 
an attached or adherent adjacent structure in order to limit the surgery to a 
resection of the colon alone is fraught with considerable danger of subsequent 
tumor recurrence and should be accomplished only when more immediate 
dangers definitely outweigh it. 

There is a reasonable limit to ‘‘radical resections’’ in one’s enthusiasm to 
eure caneer. It would appear, however, that many resections of rectal and 
colonic cancers still fall far short of such a descriptive term and, with due con- 
sideration to other factors involved, should be made more radical if they are 
to accomplish the purpose for which they are intended. 


SUMMARY 


1. On the basis of fixation, carcinomas of the large bowel (more particu- 
larly rectal carcinomas) have been divided into three groups: (1) Those 
grossly invading other adjacent structures or solidly fixed to them, (2) those 
which are neither solidly fixed nor freely movable but which present varying 
degrees of restriction to their independent movement and, (3) those which 
are freely movable. 

2. In the first group 40 per cent of specimens presented microscopic in- 
volvement of the adjacently resected structure, anc. in al] but one of the re- 
maining specimens carcinoma was found to involve all coats of the bowel; in 
the second group 87 per cent presented involvement through the entire bowel 
wall; and in the third group this was true in 29 per cent. 

3. The necessity for extended resections in the first group is generally 
conceded and is now quite widely practiced. In the second group the path- 
ologie findings suggest the need for wider removal and it would appear that 
extended resections should be accomplished in those patients who are good 
risks, excepting removal of the bladder base. In the third group the fact that 
less than one-third of cases have total wall involvement, and the inability to 
determine in which instances this was true, would make extended operations 
impractical. 

4. Structures adherent to colonic lesions should be resected with the 
tumor whenever possible because tumor seems to be invariably present at the 


point of contact. 
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PRIMARY CARCINOMA OF INFRAPAPILLARY PORTION OF 
DUODENUM 


THomas A. SHALLOW, M.D., FrRepertckK B. WAGNER, JR., M.D., AND 
W. Bostey Mances, M.D., PHILADELPHIA, PA. 


(From the Samuel D. Gross Surgical Division of the Jefferson Medical Collegé Hospital) 


ESPITE the rarity of carcinoma of the infrapapillary portion of the du- 

odenum, the available data on this subject seem unduly seant. The di- 
agnosis is usually made very late, if at all before autopsy ; the condition of the 
patient at this late stage often prohibits attempts at radical cure. To date 
we have been able to collect only fifteen cases, including two of our own, in 
which resection was performed. In only one of the patients who survived 
resection was there a reported follow-up of more than twenty months. 

We have encountered two patients in whom it was possible to make the 
correct preoperative diagnosis and to perform successful segmental resections. 
The first patient, previously reported’ as well nine months postoperatively, 
lived for three years and seven months. The second patient is well, without 
evidence of recurrence or metastasis, three years following resection. It is the 
purpose of this paper to report this additional case, tabulate the reported 
ases with resection, and review the literature to date. 


CASE REPORT 


W. C., a 53-year-old white man, was admitted to Jefferson Hospital on Dee. 6, 1945, 
with the chief complaints of vomiting and weight loss. He had felt well until three months 
prior to admission, at which time he first began to experience nausea and vomiting. They 
oecurred about two hours following meals, two or three times daily for several days, after 
which he remained symptom-free for a few days. The vomitus consisted of recently in 
gested food particles and bitter, greenish-yellow liquid, about one-half to one pint in volume. 
There was never any blood or coffe-ground material in the vomitus. At first he retained 
liquids more readily than solids. The bouts of vomiting became progressively more fre 
quent and severe. Shortly before admission, the volume of the vomitus increased to as much 
as 1 or 2 quarts at a time. 

Anorexia, with loss of weight and strength, was progressive from the onset. His weight 
decreased from 205 pounds to 135, a total loss of seventy pounds during the three-month 
period. Although he was frequently constipated during the last month, the stools were al 
ways brown. At no time did the patient note pain, abdominal distention, or jaundice. 

The systemic review, past medical history, and family history were not contributory. 

Physical Examination.—The patient appeared chronically ill, with evidence of recent 
marked weight loss and dehydration. His temperature, pulse rate, respirations, and blood 
pressure were normal. The remainder of the physical examination was essentially negative 
except for epigastric fullness. 

Laboratory Studies—Examination of the blood, following correction of the patient’s 
dehydation, revealed a hemoglobin of 75 per cent, erythrocytes 4,100,000, color index 0.91, 
and leucocytes 8,000 with a normal differential count. Urinalysis was negative except for 
slight acetonuria, which disappeared following administration of fluids. Blood urea nitrogen, 





blood sugar, prothrombin time, serum bilirubin, and bromsulfalein dye test of liver function 


were normal. The total plasma proteins were 5.5 Gm., with albumin 3.5 Gm. and globulin 


2.0 mg. 
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Plain roentgenograms of the chest and abdomen were normal. Roentgenologic study 
of the upper gastrointestinal tract with barium* revealed a high-lying stomach of the sthenic 
type. There were no defects in outilne but the mucosal contours were unusually heavy and 
Barium puddled for considerable time in the descending limb of 


there was some dilatation. 
forced across the 


the duodenum which was dilated. It took some time for barium to be 








Fig. 1.—Preoperative roentgenogram and spot pressure films, showing constricting lesion in 
third portion of duodenum indicated by arrow. 


At the beginning of the third portion of duodenum (Fig. 1) there 


bottom of the ‘‘U’’ loop. 
Spot films were taken of this area 


was a definite constriction with a probable ulcer crater. 
(Fig. 1). The remainder of the small bowel appeared normal. Barium enema examination 
was normal. The roentgenologic diagnosis was primary carcinoma of the duodenum. 
Preoperative Treatment.—During a twelve-day period of preparation, the patient re- 
ceived a concentrated liquid diet, high in protein, supplemented with intravenous administra- 


*Done by Dr. Paul C. Swenson. 
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tion of fluids, glucose, vitamins, 500 ¢.c. of isotonic plasma, and two blood transfusions of 
500 e.c. each. Gastric lavage was followed by continuous Wangensteen suction for the day 


preceding operation. 





Fig. 2.—Operative specimen. 





Fig. 3.—Adenocarcinoma, composed of irregular masses of glands in a fibrous tissue stroma. 


(Photomicrograph, X200.) 


Operation.—The patient was operated upon Dec. 18, 1945, under spinal anesthesia sup- 
plemented by intravenous sodium pentothal. The abdomen was entered through an upper 
right rectus muscle-splitting incision. A constricting tumor was found at the beginning of 
the third portion of duodenum, proximal to the origin of the superior mesenteric vessels. It 
was approximately 4 em. in diameter, completely encircling the bowel, but movable. There 
was no apparent involvement of the adjacent pancreas, superior mesenteric vessels, regional 
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lymph nodes, or liver. The entire third portion of duodenum and proximal 2 inches of 
jejunum were mobilized and resected. A small portion of pancreas adjacent to the tumor 
was included in the resection. The cut surface of pancreas was repaired with black silk 
sutures. The jejunum was brought anterior to the superior mesenteric vessels and anas- 
tomosed end to end with the second portion of duodenum. All raw areas were peritonized, 
a Penrose drain inserted to the pancreas, and the abdomen closed in layers. The patient 
received 500 ¢.c. of blood during the operation and remained in good condition throughout. 
Pathologic Report.—The operative specimen (Fig. 2) consisted of a section of small 
bowel measuring 20 em. in length. Two centimeters from one end there was a new growth 
61% em. in diameter. It had round, overhanging, deep red margins, and a firm, excavated, 
necrotic base. On cut section it was composed of white granular tissue 1 em. in thickness. 





Fig. 4.—Postoperative roentgenogram, showing functioning duodenojejunostomy. 


Microscopic examination of the tumor revealed irregular masses of glands embedded 
in a dense fibrous tissue stroma (Fig. 3). There were numerous mitoses, and throughout 
there was considerable hemorrhage, necrosis, and infiltration with polymorphonuclear leuco- 
cytes. 

The pathologie diagnosis was adenocarcinoma of the duodenum. 

Postoperative Course.-—Except for temporary drainage from the wound, which subsided 
following sump pump suction, the postoperative course was uneventful. Roentgenologic study 
on the twenty-first day revealed a successful anastomosis, which allowed free egress of barium 
into the small bowel (Fig. 4). The patient was discharged on Jan. 10, 1946, the twenty- 


third postoperative day. 
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Follow-up Study.—The patient was examined approximately one year later, at which 
time he felt well and was working. Physical examination revealed a well-healed operative sear 
and no other abnormalities. Roentgenologic study revealed a patent 
evidence of recurrence. Further roentgenologic examination on Dee. 20, 1948, three years 


anastomosis and no 


after operation, again revealed a well functioning anastomosis, and the patient was well 
clinically. 


DISCUSSION 


Approximately 3 per cent of intestinal carcinomas occur in the small in- 
testine.? Of these, 37 per cent® to 45 per cent! have been reported to originate 
in the duodenum. Review of existing statistics with respect to distribution 
of carcinoma within the duodenum revealed a preponderance (45° to 65° per 
cent) in the peripapillary portion and a minority (12° to 21° per cent) in the 
infrapapillary portion. These figures are probably misleading because of con- 
fusion with respect to the origin of tumors involving the ampulla of Vater. 
When these lesions are carefully excluded, the incidence of primary carcinoma 
is roughly equal in all three portions of the duodenum. In our own series of 
40 malignant tumors of the small bowel encountered at Jefferson Hospital, 
15 (37.5 per cent) were in the duodenum, of which 7 involved the ampulla of 
Vater. Excluding the ampullary lesions, the distribution was 3 suprapapil- 
lary, 3 peripapillary, and 2 infrapapillary. <A similar experience was also 
reported by Dixon and associates.’ 

In the literature to date there are approximately 70 proved cases of pri- 
mary infrapapillary duodenal carcinoma. In about four-fifths of these the 
lesion was found only at autopsy or was inoperable. The key symptoms of 
upper abdominal pain and vomiting of bile-stained material are insufficient to 
warrant more than a suspicion of this unusual diagnostie possibility. Early 
diagnosis and accurate localization of the lesion depend upon thorough roent- 
genologic examination of the upper gastrointestinal tract with barium. The 
common difficulties in the roentgenologie diagnosis are as follows: the lesion 
is so rare that it is not looked for or considered (in some cases, postoperative 
review of the films has shown the lesion) ; if obstruction is present, the diag- 
nosis of uleer or gastric neoplasm may be made; in the presence of olstrue- 
tion, accurate localization may he difficult because of extreme irritability at 
the site of the lesion; and oceasionally significant lesions are diagnosed in the 
stomach or duodenal kulb so that the examination is terminated at that point. 
Despite these difficulties, it is possible to make the diagnosis with a higher de- 
gree of accuracy than in most of the reported series. Weber and Kirklin,* 
for example, successfully diagnosed all seven tumors of the third portion of 
duodenum encountered by them from 1930 to 1939. Furthermore, the diag- 
nosis was correctly made roentgenographically by Dr. Paul Swenson in two 
“asses. 

Felsen and Wolarsky”® stated that the duration of life in reported cases 
of infrapapillary carcinoma without surgery varied from 5 to 19 months. 
Berger and Kappelman’ reported twenty-two collected cases of infrapapillary 
‘carcinoma of the duodenum in which palliative operations or explorations 
were carried out, with eighteen immediate postoperative deaths (90 per cent 
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mortality) and all were dead within 3 months. In contrast to these gloomy 
figures, Dixon and associates’ reported twenty posterior gastroenterostomies 
as palliation for carcinoma of various parts of the duodenum with an aver- 
age survival period of 21 months. Four patients were alive 7, 6, 3, and 2144 
years afterward, thus accounting for the relatively higher average survival 
period. 

The fifteen reported eases of primary infrapapillary careinoma of the du- 
odenum with resection are tabulated in Table I. In all but two, a segmental 
resection was performed, followed by some type of duodenojejunostomy. It 
may be proved with further experience that this type of procedure is sur- 
gically sound in early localized lesions. When extension into the adjacent 
panereas occurs, radical pancreaticoduodenectomy is probably the procedure 
of choice’? (Case 14). Involvement of the superior mesenteric vessels renders 
the lesion inoperable. The presence of a palpable mass, which oceurs in about 
16 per cent of cases,> does not contraindicate surgical exploration or even 


preclude successful segmental resection, as in our previously reported case. 


SUMMARY AND CONCLUSIONS 


1. A ease of primary earcinoma of the third portion of duodenum with 
correct preoperative diagnosis, successful segmental resection, and good health 
three years later is reported in detail. In a similar case previously reported 
by us the patient was well nine months postoperatively and died after three 
years and seven months. 

2. To date, only fifteen cases of primary infrapapillary carcinoma of the 
duodenum with resection have been reported. This number should increase 
more rapidly, since early roentgenologie diagnosis is feasible, allowing ade- 
quate resection before invasion of the superior mesenteric vessels or distant 
metastasis preclude cure. 

3. The seant literature on this subject demands the report of all addi- 
tional cases, with particular effort directed toward securing longer periods 
of follow-up. 
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BIOPSIES OF PANCREATIC MASSES 
J. G. ProsstTeIn, M.D., Leo A. Sacuar, M.D., AND WALLACE Rinpskopr, M.D. 
St. Louts, Mo. 
(From the Laboratory and the Department of Surgery of the Jewish Hospital, The Depart- 


ment of Surgery, Washington University, and the Snodgras Laboratory of 
the St. Louis City Hospital) 


paths and Dehne,' in 1932, in a discussion of pancreatic tumors caus- 
ing obstructive jaundice wrote, ‘‘The risk of removal of a portion of 
pancreas for microscopic examination at the time of operation on these deeply 
jaundiced patients, in our opinion, is not warranted.’’ That this view was 
commonly held is shown by the oceurrence of only an exceptional biopsy in 
1,035 operative cases of pancreatic mass causing obstructive jaundice reported 
in 1938.? 

Since the time of those reports pancreatic biopsy has lost much of its 
formidable aspect because of the discovery of vitamin K and the free use of 
transfusions as well as local hemostatic aids such as Gelfoam and Oxyeel. 
Nevertheless, it has been our observation that many surgeons will hesitate to 
biopsy a mass in the head of the pancreas causing an obstructive jaundice, 
even though no indisputable evidence of malignancy such as metastases is 
present. Until recent years the operative procedure (cholecystoenterostomy ) 
was the same regardless of the lesion. Since the work of Whipple, Parsons, 
and Mullins,* published in 1935, there has been an inereasing number of 
radical resections of the duodenum and head of the pancreas for removal of 
malignant masses in the region of the ampulla of Vater and the head of the 
pancreas. 

Consequently, the surgeon today, faced with a mass in the head of the 


pancreas causing obstructive jaundice and without obvious metastases, has the 


choice of a radical resection or a cholecystoenterostomy. It is well for him 
to realize that an appreciable percentage of such masses are benign. They are 
not eaneer, but chronic pancreatitis. Walters and Dehne' found in follow-up 
study on 135 patients with obstructive jaundice caused by a pancreatic mass, 
who had undergone cholecystoenterostomies, that 15 per cent lived more than 
five years. The presumption is, therefore, that at least 15 per cent of their 
sases were chronic pancreatitis or some other nonmalignant lesion. F'urther- 
more, they reported that of twenty-five other cases, post-mortem examination 
showed that in four the lesion was inflammatory. Fraser? reported on 1,025 
‘cases of obstructive jaundice due to pancreatie lesions. Of these 25 per cent 
of the cases were considered to be chronie pancreatitis by the surgeon at the 
time of operation. Fraser estimated that about 16 per cent of the cases re- 
garded as malignant at operation later proved to be benign. Too much reliance 
‘annot be placed on these figures, because the diagnoses were based on the 
gross morphology and on the length of survival after operation. Biopsies in 


Aided by the David May-Florence G. May Fund. 
Received for publication, April 6, 1949. 


356 














? 


Volume 27 BIOPSIES OF PANCREATIC MASSES 357 


Number 3 


Fraser’s series were done only rarely. Nevertheless, the conclusion remains 
that an appreciable number of these masses are not cancer and that the dif- 
ferentiation of cancer and chronie pancreatitis on the basis of gross pathologic 
change may be extremely difficult. 

The differentiation is an important one to make, for radical resection is 
the only procedure which offers the cancer patient any possible chance of 
prolonged arrest of his disease. On the other hand, radical resection sub- 
jects the patient without carcinoma to a needless procedure which had a 66 
per cent operative mortality in the hands of one of the clinies most experienced 
in this proecedure.*. A simple choleeystoenterostomy, which entails a mueh 
smaller operative risk, was found by Fraser to provide the majority of pa- 
tients whose obstructing mass was chronic pancreatitis with prolongation of 
life and relief of symptoms. The following case illustrates the necessity of 
distinguishing between cancer and chronie pancreatitis at the time of oper- 
ation. 

CASE REPORT 

R. F., a 42-year-old man, entered the hospital June 5, 1944, complaining of the onset of 
epigastric pain followed by the vomiting of coffee-ground material twenty-four hours be- 
fore admission to the hospital. The vomiting had persisted until he entered the hospital. 
Tarry, watery stools had been noted during this period. 

For the preceding two years the patient had not felt well. He had periodic epigastric 
pain, which bore no relation to meals. The pains seemed to be brought on by drinking bouts, 
of which the patient had many. The pain was described as gnawing and at times radiated to 
the right shoulder. There had heen a loss of ten pounds in weight during the past two years. 

The patient was thought to have a bleeding peptic ulcer. He was treated conservatively 
with antacids, atropine, and blood transfusion and although at one time the blood pressure 
fell to 70/50, he responded to this conservative management and the bleeding stopped. Sub- 
sequently, a gastrointestinal series on June 16, 1944, showed an irregularity of the second 
portion of the duodenum. It was not clear whether this was due to a duodenal ulcer and 
periduodenitis, or to a mass in the head of the pancreas. The fasting gastrie contents con- 
tained no free acid. After histamine injection, the gastric contents contained 10 degrees of 
free acid. The blood diastase was 170. 

On June 20 an exploratory laparotomy was performed. A mass 16 by 12 by 6 em. was 
found in the head of the pancreas. The proximal portion of the duodenum was distended. 
It was thought that the mass was a carcinoma of the head of the pancreas. <A one-stage 
Whipple operation was performed. The patient died fourteen hours after the end of the op- 
erative procedure. 

Examination of the surgical specimen revealed no duodenal or gastric uleer. The duct 
of Wirsung was markedly dilated and contained numerous stones. Sections showed that the 
normal structure of the pancreas about the terminal portion of Wirsung’s duct had been re- 
placed by fibrous tissue. The final diagnosis was chronic interstitial pancreatitis. 


Having convinced ourselves of the theoretical value of the biopsies of 
masses in the head of the pancreas causing obstructive jaundice, we reviewed 
such biopsies taken at St. Louis Jewish Hospital, St. Louis City Hospital, and 
Homer G. Phillips Hospital. We were first of all impressed by how few such 
biopsies were taken. Only twenty-six masses in the head of the pancreas 
causing obstructive jaundice were biopsied in about the past ten years. The 
combined number of hospital admissions for these three hospitals is about 
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40,000 a year. It is said that the incidence of carcinoma of the pancreas is 
one in every 1,000 hospital admissions.® It is apparent that many cases were 
not subjected to biopsy by the surgeon. We personally know of a number 
of such cases. 

In Table I is a comparison of the biopsy diagnosis and the true nature 
of the lesion. This last was determined either by subsequent post-mortem 
examination or by biopsies of metastases. In a few eases the diagnosis of can- 
cer is based on a typical postoperative course, with or without clinically 
demonstrable metastases and early death. 


TABLE I 








Total number of biopsies 
Number of biopsies reported as showing cancer 


Number of biopsies reported as nonmalignant 
Number subsequently proved to be cancer 
Number subsequently proved to be benign 
(1 patient had two biopsies) 

Number eventual diagnosis not certain 
One case, no follow-up 
One case, patient died 1 mo. P.O. 
One case, patient died 5 mo. P.O. 


presumably malignant 





Thus, out of twenty-eight biopsies of masses in the head of the pancreas, 
eighteen failed to show cancer, but subsequently eleven of the eighteen proved 
to have cancer and two others presumably had cancer. It should be added 
that the biopsies were paraffin sections, not frozen sections, and that they 
were examined by competent pathologists. 

Obviously the discrepancy between the biopsy finding and the real lesion 
reflects the surgeon’s inability to distinguish pancreas from tumor. These 
results confirm Cattell’s statement, ‘‘Under most circumstances the diagnosis 
“an not be established by biopsy.’’® We cannot conelude that it is useless to 
take a biopsy, because occasionally the biopsy showed cancer. We do con- 
clude that biopsies should be taken of masses in the head of the pancreas caus- 
ing jaundice, but the absence of cancer in the biopsy does not rule out the diag- 
nosis of cancer. The differentiation, therefore, between a malignant and a be- 
nign lesion, and hence the choice of operative procedure, must be made on 
some basis other than biopsy in the majority of cases. One of the best dif- 
ferential criteria would seem to be the state of the gall bladder. Fraser? re- 
ported that in 88 per cent of malignant cases the gall bladder was enlarged 
and tense, whereas in 85 per cent of cases of pancreatitis the gall bladder was 
thick-walled and contracted. In the series reviewed in this paper, however, 
the three patients with benign lesions, which proved to be one neurofibroma 
and two eases of chronic pancreatitis, respectively, had dilated, distended 
gall bladders at operation. Cattell® used as his differential criteria dilatation 
of either the pancreatic ducts or biliary tract. Brunschwig’ advised the op- 
erator, when in doubt, to short circuit the obstruction and reoperate, with the 
expectation that the mass of pancreatitis will be smaller at the second opera- 
tion. The blood diastase has not been of help. One of the cancer cases in this 
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series had blood diastase values of 948, 1,266, and 1,524 on three consecutive 
days. Four days after the last diastase determination an operation was per- 
formed. <A biopsy of the pancreas showed only chronic pancreatitis. Eight 
months later autopsy revealed that the lesion was a cancer of the head of the 
pancreas. A preoperative scout film of the abdomen should always be taken, 
since it may, as occurred in one of the benign cases in this series, show eal- 
cification in the head of the pancreas, indicating a chroni¢ pancreatitis. 

Despite these leads to a differential diagnosis between a cancer of the 
head of the pancreas and chronic pancreatitis, it seems very likely that if 
radical resection of heads of the pancreas continues to be carried out in the 
absence of biopsy evidence of cancer, sooner or later a benign lesion will be 
resected, with a subsequent operative mortality that could have been avoided. 
The results of radical resection of cancer of the head of the pancreas are so 
unsatisfactory that one wonders whether the results of the radical operation 
in eases where no biopsy proof of cancer exists justify the risk of causing the 
death of a patient with chronic pancreatitis. 


SUMMARY 


1. A mass in the head of the pancreas which caused an obstructive jaundice 
was proved benign, not malignant, in three of twenty-six eases. 

2. Eighteen of twenty-eight biopsies of the pancreatic mass in these cases 
were reported benign, but subsequently eleven of these eighteen patients were 
proved to have cancer, and in two other cases the presumption of cancer is great. 

3. A ease of benign pancreatic lesion which was subjected to resection in 


the mistaken belief that a cancer was present is reported. 
4. The differentiation of benign and malignant lesions in the head of the 


pancreas at the time of operation is discussed. 
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A FOLLOW-UP REPORT OF ONE HUNDRED TWO CASES OF 
PERFORATED PEPTIC ULCER 
CAPTAIN CARLYLE AuGust LUER, MEDICAL CoRPS 


(From the St. Louis City Hospital, St. Louis, Mo.) 


REVIEW of 362 consecutive cases of acute perforation of stomach and 

small howel ulcerations, which were treated at the St. Louis City Hospi- 
tal between 1938 and 1948, has been presented.® Of these, there were 313 
operations performed for the emergency treatment of perforated peptic ulcers. 
lifty-four of these patients died postoperatively for a mortality of 17.2 per 
cent. Simply worded questionnaires were mailed to each of the 259 surviving 
patients, so that symptoms, past and present, could be most easily interpreted. 
Many of the patients had been readmitted to the hospital. Adequate information 
for assuming the probable presence or absence of an ulcer has been obtained in 
102 eases (40 per cent). It is the purpose of this paper to present the subsequent 
course of the peptie ulcers of these surviving patients. The average follow-up 
interval is five vears, and the follow-up of 72 per cent of the patients is at least 
three years. The fifteen patients upon whom subtotal gastric resections had been 
performed soon after the perforation are not included. Twelve patients without 
sufficient follow-up have died from various causes. 

ollowing recovery from the perforation, only 21.6 per cent of the pa- 
tients have remained free of symptoms of peptic ulcer, while symptoms have 
persisted in 78.4 per cent. Of the later patients, 19 eventually have had a 
subtotal gastric resection, 11 have had another perforation and 34 have hemor- 
rhaged, manifested by hematemesis or melena. 

Diet and Pain.—The questionnaires reveal that about one-third of the 
patients frequently follow a diet, and that another one-third eat whatever 
they please. Frequent aleoholic debauches are admitted by 20 per cent, while 
30 per cent refrain from alcoholic beverages. Only 14 per cent regularly 
take an antacid. About one-third of the patients complain of frequent epigastric 
pain, which is qualified as to relation to food, and one-half of the patients ad- 
mit an oceasional pain. Eight patients volunteered the information that their 


symptoms either have appeared or have become aggravated during spring or 


autumn. 

Gastric Resections—After a considerable interval of time following the 
perforation, 19 subtotal gastrie resections have been performed for the fol- 
lowing reasons: 12 for persistent painful symptoms, 2 for repeated perfora- 
tions, and 5 for massive hemorrhage. [ollow-up information has been ob- 
tained in 9 of the eases following the resection, and two-thirds of these patients 
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have been asymptomatic subsequently. Follow-up information from 8 patients 
upon whom the gastric resections had been performed soon after the perfora- 
tion reveals that 7 (87.5 per cent) are comfortable and free of symptoms, but 
the average follow-up interval is only 2.2 years. Of these 17 patients with 
follow-up after gastrectomy, 13, or 76.5 per cent, are free of symptoms. 

Reperforation.—Of the 11 patients (10.8 per cent) whose uleer has per- 
forated again, 8 had returned to City Hospital for the second operation. One 
patient’s uleer has perforated a third time. A total of 18 time intervals be- 
tween perforations is known, the average of which is about two and one-half 
years. Occurring within the first year after a perforation are 22.2 per cent 
of the reperforations. 

Obstruction.—Gastroenterostomies have been performed upon 2 patients 
for cicatricial pyloric obstruction. 


psymPtomar;, 





Perforated 


again 10.8% 
- — Hemorrhage 


33.3% 
— 


Subsequent Course of Peptic Ulcers 
after Perforation 
Fig. 1. 


Hemorrhage.—The occurrence of bleeding is difficult to establish, because 
several patients probably stated that their stools have been tarry black, when 
actually the color has been caused by food or medication. Therefore, the 34 
patients quoted as having bled are probably a few too many. Massive hem- 
orrhage has occurred in 7 patients, all but 1 having been treated at City 
Hospital. Patients who had given a history of bleeding prior to the perfora- 
tion and who have bled none since the perforation constitute 11.8 per cent, 
while 25.5 per cent of the patients, who had denied bleeding prior to the per- 
foration, now give a history of it. Hemorrhage is admitted both prior to and 
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subsequent to the perforation by 7.8 per cent. Therefore, hemorrhage from 
peptic ulcers is found just as commonly in patients who have an ulcer which 
has perforated or is going to perforate, as it is found in all uleer patients. 
Relation of Course to History and Age.—<As stated previously, the ma- 
jority of the patients has continued to have symptoms of peptic ulcer subse- 
quent to the perforation, only about one-fifth (21.6 per cent) having remained 
free of symptoms. Only 10 per cent of those patients whose symptoms had dated 
back at least five years prior to the perforation have remained asymptomatie, 
while one-third of those patients who had had no history of peptic ulcer prior 
to the perforation have remained free of symptoms. The age of the patient 
is also an influence in the course of the ulcer, since only 5.9 per cent of the pa- 
tients in the 20-year age group have continued asymptomatic after the per- 
foration, while 27 per cent of the patients beyond the age of 50 years have 
remained free of symptoms. This is not just apparent, because practically as 
long follow-up intervals have been obtained from older patients as have been 


obtained from younger patients. 


TABLE I. SUBSEQUENT COURSE OF PERFORATED PEPTIC ULCERS 





NUMBER PER CENT 


19 at 18.6 








Symptoms leading to gastrectomy 











Perforated again 1] 10.8 
Gastroenterostomy for obstruction 2 2.0 
Hemorrhage 34 33. 
Massive hemorrhage 7 6.9 
Symptomatic (ineluding the above) 80) 78.4 
Asymptomatic 22 21.6 
Total with follow-up 102 100 

Total with follow-up 102 32.6 
Unknown or inadequate follow-up 142 15.4 
Postoperative gastric resections 15 4.8 
Postoperative deaths 54 17.2 
Total 313 100 


TABLE II. DURATION OF SYMPTOMS PRIOR TO PERFORATION AND SUBSEQUENT COURSE 





NUMBER NUMBER PER CENT 








DURATION OF SYMPTOMS SYMPTOMATIC ASYMPTOMATIC ASYMPTOMATIC 
No history 8 4 »dOd. 
Less than one year 18 5 21.7 
One to five years 27 8 22.8 
Over five years 27 3 10.0 
Unknown (0) 2 
Total ind 80 a ” 21.6 


TABLE III. AGES OF PATIENTS AT TIME OF PERFORATION AND SUBSEQUENT COURSE 


NUMBER PER CENT 














AGES peor ~ NUMBER 
(IN YEARS ) SYMPTOMATIC ASYMPTOMATIC ASYMPTOMATIC 
10 to 19 3 0 ©. 9.6 
20 to 29 16 1 5.9 
30 to 39 20 6 23.1 
10 to 49 20 7 25.9 
50 to 59 13 5 27.8 
Over 60 8 3 27.3 
Total 80 22 21.6 
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SUMMARY 


Follow-up information has been obtained in 102 cases of perforated peptic 
uleer. Following the recovery, 21.6 per cent of the patients have remained 
asymptomatic, while 78.4 per cent have continued to have symptoms of peptic 
uleer. About one-third have hemorrhaged, 6.9 per cent massively, and 10.8 per 
cent have had another perforation. After gastrectomy, 76.5 per cent of 17 
patients are free of symptoms. Patients without a history of peptic ulcer 
prior to perforation were three times more likely to remain asymptomatic 
after the perforation than were those patients with histories of long duration. 
Younger patients were more likely to persist with symptoms of peptie ulcer 
after perforation than were older patients. 
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CARCINOMA OF THE THYROID GLAND 


INCIDENCE AND MODE OF ORIGIN 


MILLINGTON O. Youne, M.D.,* NEw HAVEN, CONN. 
(From the Department of Pathology, University of Oklahoma Hospitals, Oklahoma City, Okla.) 


HE numerous recent contributions to the medical literature on carcinoma of 

the thyroid gland with particular reference to the incidence are a measure 
of the importance of the subject. In these reports, it is apparent that differences 
of opinion exist, particularly regarding the nature and treatment of nontoxic 
nodular goiter and the actual incidence, the mode of origin, and the prophylaxis 
of carcinoma of the thyroid gland. 

Certain of the recent reports’? have minimized the frequency of oceur- 
rence of thyroid carcinoma as well as its malignant nature and the value of 
‘*prophylactie’’ surgical treatment. However, reference to the excellent paper 
of Anglem and Bradford® leaves little doubt as to the reality and importance of 
the problem of thyroid cancer. It is certain that the disease occurs with sufficient 
frequeney to urge the medical profession to agree on the management of patients 
having thyroid nodules. 

A study of the incidence of carcinoma in patients having thyroid tissue 
surgically removed during a five-year period at the University of Oklahoma 
Hospitals is presented. Such a report from this southwestern state has not yet 
been recorded. Although the number of cases is smaller than in most surveys, 
the results are comparable with those reported from other geographic areas. 


MATERIAL 


The data forming the basis of this report were obtained from a study of 
the clinical records and the pathologie specimens of the 174 patients from whom 
thyroid tissue was surgically removed during a five-year period, 1942 to 1947, 
at the University of Oklahoma Hospitals. All of the specimens were examined 
by the same pathologist, Dr. Béla Halpert, Director of Laboratories. 

Incidence of Carcinoma.—In the entire group of 174 patients, 9 had car- 
cinoma, an incidence of 5.2 per cent. The malignant growths were relatively 
more frequent in men. The clinical types of goiter and the number in the two 
sexes are indicated in Table I. 

Hyperthyroidism was present in 76 patients (44 per cent) and absent in 
98 (56 per cent). One small carcinoma was unexpectedly encountered in a 
diffuse toxie goiter. The incidence of carcinoma in the subgroup of patients 
with hyperthyroidism was thus 1.3 per cent. 

There were 8 carcinomas (8.2 per cent) in the subgroup of 98 patients 
who did not have hyperthyroidism. In the nontoxic group, 13 patients had 
diffuse (colloid) and 85 had nodular (‘‘adenomatous’’) goiters. All of the 8 ear- 
cinomas were palpable as single nodules and occurred in those patients having 
nodular enlargements, an incidence of 9.4 per cent. Of the 77 patients having 
benign nontoxie nodular enlargements, there were 41 with multiple and 36 with 
single nodules. Only 7 of the 36 single nodules were true neoplasms (fetal 
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TABLE I. CLINICAL CLASSIFICATION OF 174 GOITERS 














CLINICAL CLASSIFICATION WOMEN MEN TOTAL 
Toxic diffuse 04 (1)* 7 61 (1) 
Toxic nodular 15 0 15 
Nontoxie diffuse 12 1 13 
Nontoxie nodular 76 (5) 9 (3) 85 (8) 
Total 157 (6) 17 (3) 174 (9) 





*Number of carcinomas in parentheses. 


adenomas), the others being instances of hyperinvolution (‘‘colloid adenomas’’). 
Of the 44 patients having solitary nontoxie nodules, 8 had carcinoma, an inci- 
dence in this particular subgroup of 18.2 per cent (Table II). 

Only 6 of the 77 patients with benign nontoxic nodules were over 60 years 
of age, whereas 6 of the 9 patients with carcinoma were in this older age group. 
Thus 6 of the 12 patients with nontoxic nodular goiter (benign and malignant) 
over 60 years of age had carcinoma. The youngest patient with carcinoma was 


) 


23 years old, the oldest 82. 


TABLE II. INCIDENCE OF THYROID CARCINOMA IN THE VARIOUS SUBGROUPS 











NUMBER OF CASES OF CARCINOMA 
GROUP OF PATIENTS CASES NUMBER PERCENTAGE 
Entire group 174 9 5.2 
Toxic goiters 76 1 1.3 
All nontoxic nodular goiters 85 8 9.4 
Goiters with multiple nontoxic nodules 41 0 0.0 
Goiters with single nontoxic nodules 44 8 18.2 





Course of Patients Having Carcinoma.—tIn 4 of the 9 cases of carcinoma, 
the preoperative diagnosis was not made. Two of these 4 patients are alive 
and well over five years later; one died of the disease over four years after opera- 
tion and the other patient was lost to fellow-up study after discharge from the 
hospital. Three of the 5 patients in whom the preoperative diagnosis of car- 
cinoma was made are dead, one dying in the immediate postoperative period 
and the others one and three years later, respectively. Two of this group were 
lost to follow-up study, one after discharge from the hospital following opera- 
tion, at which time there was roentgenographic evidence of pulmonary metas- 
tases, and the other over one year after operation, at which time there was 
evidence of local recurrence in the neck. 

COMMENT 

In this series, 6 of the 9 patients who had carcinoma were over 60 years of 
age. However, one patient was 23 years old and it has been noted that ecar- 
cinoma of the thyroid gland is not infrequent in young persons. Pemberton 
and Black* reported 18 cases of carcinoma in a group of 53 children (14 years 
of age or younger) with nodular goiter, an incidence of 34 per cent. 

The high incidence of carcinoma in single nontoxic nodules of the thyroid 
sland has been noted. Cole and his associates’ found an ineidence of 24 per 
cent and Cope’s® figure was 22 per cent. Others have reported significant but 
lower figures (Hare,’ 12 per cent; Anglem and Bradford,* 9 per cent). These 
same authors and others*° have reported from 4 to 17 per cent incidence of 
sarcinoma in all nontoxic nodular goiters, including those with single and mul- 
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tiple nodules. The figures recorded in Table II are comparable with those re- 
ported elsewhere. 

Hinton and Lord’? reported clinically unsuspected cancer in 6.7 per cent 
of breast nodules and 7.6 per cent of thyroid nodules. They advised that the 
same regard be given the clinically benign thyroid nodule as is given the clinically 
benign mass in the mammary gland. In view of the high incidence of carcinoma 
in nontoxic nodular goiters, the principle of surgical removal of the mass and 
its microscopic examination to determine the diagnosis certainly should apply 
to the thyroid gland as well as the breast. All surgeons are not in agreement 
as to the extent of the operative procedure indicated. Apparently, the recent 
trend is away from simple enucleation of the nodules. Taylor! advised wide 
resection of the involved area or complete excision of the lobe. This is in 
keeping with the advice to avoid opening the nodules at the time of operation 
to prevent the possibility of contaminating the operating field or instruments 
with malignant cells. Many authors have advised prophylactic thyroidectomy 
for asymptomatie nodular goiters. The term ‘‘prophylactic’’ is misleading, as 
the surgical treatment should be advised to detect (by microscopic examination ) 
carcinomas already present, not to prevent their future development within 
benign nodules. The term ‘‘prophylactic’’ is perhaps correctly applied when 
reference is made to the possible prevention of hyperthyroidism later in life. 

It has usually been assumed that the mode of origin of most carcinomas 
of the thyroid gland is by a process of ‘‘malignant degeneration’? within pre- 
existing benign lesions. If this were true, it seems logical that hyperplasia, the 
benign process most closely resembling neoplasia, would predispose to carcinoma. 
In this regard, Boyd’ stated ‘‘It is a rather remarkable fact that although 
the microscopic picture of Grave’s disease is one of wild epithelial proliferation, 
there appears to be no relation between that disease and carcinoma.’’ If ear- 
cinomas arise as a result of ‘‘malignant degeneration or change’’ within pre- 
existing benign nodules, it seems logical to expect a higher incidence in those 
glands with multiple nodules. However, this is not so, as the numerous reports 
have indicated, and as is the case in this small series (Table II). Carcinomas of 
the thyroid gland, as elsewhere, usually begin as single nodules and in time be- 
come palpable as such. Solitary nodules are dangerous, not because they may 
be the site of ‘‘malignant degeneration’’ in the future, but because a high per 
cent of such nodules are carcinomas. 

The long duration of some thyroid carcinomas prior to the appearance of 
clinical signs of malignancy has often been interpreted as evidence of ‘‘malig- 
nant degeneration’’ of benign nodules. Ward® stated that ‘‘The mere fact that 
a tumor has existed for many years previous to its surgical removal does not 
necessarily indicate that the growth was benign at its inception.’’ The benign 
lumps which supposedly became malignant were diagnosed as benign either by 
inference from the history or by palpation and rarely, if ever, by microscopic 
examination. 

Although comparatively slow growing, thyroid carcinomas, like practically 
all other malignant neoplasms, grow at an accelerated rate in the late stages. 
This late change is often interpreted clinically as marking the time of transition 
from a benign to a malignant growth. Their slow rate of growth in the early 
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stages does not justify any conservatism. On the contrary, the chances for cure 
are accordingly greater, making early diagnosis and treatment even more worth 
while. 

The conservative advice to postpone surgical intervention until signs of 
trouble appear, particularly increased rate of growth, may mean that a patient 
is asked to wait until the late signs of malignancy are present before therapy 
is started. Ward’s® five-year follow-up study emphasized the value of early 
surgical treatment. He found that only 20 per cent of those in whom the 
clinical diagnosis of carcinoma was made were living. Forty per cent of those 
in whom the diagnosis was made at the time of operation were alive and 80 per 
cent of those in whom the diagnosis was first established by microscopic examina- 
tion were still living. It is worth emphasizing that all thyroid tissue removed 
surgically must be examined grossly and microscopically by a competent patholo- 
gist. 

SUMMARY AND CONCLUSIONS 

The incidence of carcinoma in the surgical specimens of the thyroid gland 
removed from 174 patients treated at the University of Oklahoma Hospitals is 
recorded. There were 8 carcinomas in the subgroup of 44 patients with solitary 
nontoxic nodules, an incidence of 18.2 per cent. 

There are reasons to doubt that such a process as ‘‘malignant degeneration ’’ 
within pre-existing benign lesions is the usual mode of origin of thyroid car- 
cinomas. A more logical deduction is that most, if not all, carcinomas of the 
thyroid originate as such from the epithelium of the gland, in a manner similar 
to the mode of origin of carcinoma elsewhere in the body. Actually, the 
manner in which these growths originate is an academie question, but if this 
deduction were accepted by the medical profession as the reason for advising 
early surgical intervention, the procrastination (conservative treatment) which 
allows many of the growths to advance to an inoperable stage would he elim- 
inated. 

The term ‘‘prophylactic’’ as applied to thyroidectomy is misleading in that 
the operation is or should be advised to detect carcinomas already present rather 
than to prevent their future development. 
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NITROGEN MUSTARD IN THE TREATMENT OF INOPERABLE 
BRONCHIOGENIC CARCINOMA 


JosEPH P. Lyncu, M.D.,* Pau. F. Wares, M.D.,+ AND 
Epwarp A. GAENSLER, M.D.,¢ Boston, Mass. 


INTRODUCTION 


URING World War II extensive research was carried on in this country 

and England to develop an effective ‘‘competitive fixative’’ substance for 
the treatment of potential victims of mustard gas poisoning. Mustard gas 
(sulfur mustard) was synthesized almost 100 years ago’? and isolated in pure 
form soon thereafter.* Beeause of its insolubility in water and its dangerous 
vesicant action, it was not further investigated until its military use in World 
War I. Then Flury and Wieland,‘ among others, described in detail its effect 
on man and experimental animals. In addition to the vesicant action on the 
skin and lungs, they also noted a systemic effect consisting chiefly of destruc- 
tion of gastrointestinal epithelium, and depression of bone marrow. The 
changes produced in the formed elements of the blood were roughly propor- 
tional to the amount of gas absorbed.*:° Recent investigations resulted in the 
introduction of a new series of chemicals, the nitrogen mustards or chloroethy] 
amines. These compounds exerted similar local and systemic effects and, in 
addition, were water-soluble, thus facilitating their handling and this in turn 
stimulating intensive study. 

Early observations on sulfur mustard had suggested an affinity for pro- 
liferating tissues, and Berenblum*'® established the anticarcinogenie activity 
of mustard gas for tar-indueed skin cancers. Similar affinity of the nitrogen 
mustards for other rapidly growing cells suggested their possible therapeutic 
value in the treatment of human neoplasms. 

Parenteral or topical administration of these compounds results in fixation 
to the body tissues in a matter of minutes'' '? and occurs somewhat selectively 
as manifested by the effect on proliferating cells of the bone marrow, gastro- 
intestinal tract, and lymphoid tissues.*»® These observations applied to em- 
bryonic organs in proliferating stages'® and to growing neoplasms as well.?* ?° 
Furthermore, the interference with mitotic activity’® and the production of 
mutations’? was suggestively similar to the effect of ionizing radiation. 

This action led to investigation of the effect of nitrogen mustards on neo- 
plasms growing in tissue cultures and experimental animals. The methyl-bis 
and -tris mustards were shown to possess a definite cytocidal action for tumor 
cells. This action has been thought to be due to interference with essential 
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cellular enzyme systems. The quantitative response of normal and neoplastic 
tissue appeared to be the same but cytologic changes and death occurred at 
different dosage levels.** Sarcoma 180, growing on the chorioallantoie mem- 
brane of the chick embryo, was killed selectively without affecting the embryo’s 
growth; the growth of certain mouse tumors could be inhibited ;1* '® the life 
of mice with transmitted leucemia could be prolonged;?° and a ‘‘take’’ of 
mouse leucemia could be prevented if donors were previously treated with 
mustard compounds. 

Gilman?! was the first to use the chloroethyl amines clinically during 
World War II. Similar work was independently initiated by Jacobson and 
associates”? and carried on in England by Wilkinson and Fletcher.?* Rhoads” 
and more recently Karnofsky?® have summarized the present status of the 
chloroethyl amines in the palliative treatment of neoplastic diseases and other 
disorders. The most striking therapeutic effects were noted in Hodgkin’s dis- 
ease, and some cases of lymphosarcoma have been improved markedly. Clinical 
remissions of chronic myelogenous leucemia have been reported, while chronic 
lymphatic leucemia responded less well. Acute leucemia is unaffected. Pallia- 
tion may be produced in mycosis fungoides,?® 27 polycythemia vera,?* Boeck’s 
sarcoid,”® neuroblastoma, Ewing’s sarcoma, and rhabdomyosareoma.*° 

Palliation of inoperable bronchiogenie carcinoma with chioroethyl amines 
has been suggested and use of the drug in this type of neoplasm has been 
referred to.2* > At present, only a small number of patients so treated have 
been reported upon. Alpert*! and Karnofsky and associates*? have each reported 
one case using roentgen-ray therapy at the same time with promising results. 
Recently Skinner and co-workers** reported seventeen cases; ten of these pa- 
tients received concomitant roentgen-ray therapy. There seemed to be no evi- 
dence that this combination treatment provided better palliation than nitrogen 
mustard alone. About 70 per cent of their patients appeared to show temporary 
objective or subjective improvement. 

SELECTION OF PATIENTS 

At present, surgical extirpation of carcinoma of the lung presents the only 
hope of cure. Hence we feel that we need not emphasize the fact that the 
patients we selected for nitrogen mustard treatment had inoperable carcinoma 
proved by exploratory thoracotomy or distant metastases. Unfortunately, at the 
present time, approximately 70 per cent of patients with carcinoma of the lung 
are beyond curative resection when first seen by the thoracie surgeon. Although 


TABLE I. INDICATIONS FOR NITROGEN MUSTARD THERAPY (SIXTy PATIENTS) 

















Inoperable by exploratory thoracotomy 22 


Metastases to bone, brain, distant nodes, ete. 12 
Direct extension, e.g., superior caval or Horner’s syndrome 1( 
Late metastases after pneumonectomy 8 
Poor physical condition and complicating pathology 4 
Hemorrhagic pleural effusion containing tumor cells 2 
Inadequate pulmonary function 1 
Refused surgery 1 
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DURATION 








SYMP- 

CASE | INDICATION FOR TYPE OF | TOM (IN | 

NO. SEX AGE TREATMENT TUMOR MO. ) 

1 M 35 Pnetomy, metast. Squamous 5 

1 

1 

1 

2 M 64 Explored, inop. Undiff. 6 

3 M 68 Explored, inop. Undiff. 6 

4 M 56 Explored, inop. Undiff. ] 

5 M 41 Spine metast. Adeno. 5 

6 M 62 Explored, inop. Squamous 3 

7 M 64 Pnetomy, metast. Epiderm. 5) 

8 M 70 Explored, inop. Epiderm. 6 

8 

9 M 37 + Pnetomy, metast. Epiderm. 18 

10 M 61 Invasion of trachea Squamous l 

11 F 54 «Ca cell effusion Adeno. 3 

12 M 48 Pnetomy, metast. Squamous 9 

13 M 62  Pnetomy, metast. Epiderm. 2 

14 M 47 Explored, inop. Epiderm. lz 

14 

14 

14 

15 M 56 Explored, inop. Undiff. 6 

16 M 47 Explored, inop. Undiff. 0 

17 M 61 Explored, inop. Undiff. 12 

17 

18 M 75 Compl. med. disease Squamous 24 

19 M 72 Compl. heart disease Squamous 6 

19 

20 M 79 Explored, inop. Squamous 32 

21 M 47 Explored, inop. Undiff. ! 

22 M a7 Pnetomy, metast. Undiff. } 

23 M 51 Explored, inop. Undiff. 4 

24 M 41 Sup. caval syndrome Undiff. 8 

25 M 62 Invasion of trachea Squamous 29 

26 M 54. Explored, inop. Squamous 3 

27 M 45 Explored, inop. Squamous 9 

27 

28 M 37 Explored, inop. Epiderm. 15 l 
29 M 67 Terminal coma Squamous 24 0 
30 M 65 Pnetomy, metast. Squamous 0) 4 
31 M 62 Cord & phrenic palsy Squamous 12 D4 
32 M 63 Metast. to jaw Undiff. ] 14 
33 M 65 Explored, inop. Squamous 12 4 
34 M 65 Poor pulmonary function Adeno, 24 1 
35 M 49 Spine metast. Squamous 3 34 
36 M 52 Explored, inop. Undiff. 12 34 
37 M 59 Metast. to ribs Undiff. 6 34 
38 M 38 Sup. caval syndrome Undiff. 6 3+ 
39 M 60 Metast. small bowel Undift. l 5 
40 M 62 Explored, inop. Squamous 9 2 
4] My 61 Sup. sulcus tumor Undift. 18 4 
42 M 70 Distant metast. Squamous 12 34 
43 M 62 Explored, inop. Squamous f D4 
44 M 68 Liver metast. Undiff. 19 34 
45 F 66 Brain metast. Squamous 12 5) 
46 M 69 Severe heart disease Epiderm. 24 44 
47 M 39 Sup. suleus tumor Undiff. ) { 
48 M 51 Distant metast. Undiff. 6 5+ 
49 M 66 Explored, inop. Undiff. 16 64 
50 M 62 Distant metast. Undiff. 24 34 
51 M 62 Refused surgery Squamous 6 4e 
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NITROGEN MUSTARD IN BRONCHIOGENIC CARCINOMA 








TOXIC EFFECTS 














MENT LOWEST | NAUSEA 
~ OB- w. B. ¢.|& VOMIT- 
jECTIVE | COUNT ING OTHER REMARKS 
yy, -*12,000 + 0 Disappearance of metastatic nodes 
++ 600 0 Agranulocytosis Complete relief of convulsions 
i 900 + Agranulocytosis Relief of seizures without barbiturates 
+ 1,800 + Leucopenia Complete recovery from left hemiplegia 
} 7,400 0) 0 Fibrosis of tumor by bronchoscopy 
0 6,750 0 0) Cough & appetite improved 
+ 7,100 0 0 Improved appetite, returned to work 
0 6,000 ++ 0- Back pain strikingly relieved 
0 5,400 0 Leucopenia Relief of cough & chest pain 
0) 14,200 0 0 Died of pulmonary embolism after treatment 
0 12,300 ++ 0 Violent nausea & vomiting during treatment 
0 400 + Agranulocytosis Horner’s syndrome developed during treatment 
0 12,300 ++ 0 : Severe G. I. symptoms, later weight gain 
ee 550 - Agranulocytosis Fibrosis of tumor, agranulocytie angina 
+ 7,400 0 Phlebitis ; Essentially well until just before death 
4 6,600 + Lost appetite Permanent loss of appetite, nodes disappeared 
0) 9,850 0 o | Died of brain metastases at end of treatment 
+ 9,800 ++ Lost appetite Cough & chest pain relieved 
() 11,200 0 a Tumor seen shrinking through cavernostomy 
0) 9,200 0 Lost appetite Troublesome loss of appetite, cough better 
0 10,000 + Lost appetite Died of brain metastases at end of treatment 
t 3,900 ++ Lost appetite Arms & face less swollen, headaches gone 
+ 4 9,200 + 0 Incidental chest finding, well up to present 
4 7,600 + o | Wheeze & cough disappeared 
+4 2,200 0 Lost appetite Complete control of fever & massive hemoptysis 
+4 8,800 + 0 Pleural effusion cleared, well at present 
+ 4,900 0 0) Loss of chest pain, working again 
4,200 0 0 Ambulatory again after 6 mo. in bed 
0 18,000 0 0) Slight improvement of shoulder pain 
+4 4,000 Es 0 Tumor smaller by x-ray, well at present 
+ + 12,100 ++ 0 Relief of pain of hip metastases, ambulatory 
0 13,000 0 0- Slight improvement for 1 mo. only 
++ 1,600 ++ Leucopenia Remarkable relief of superior caval syndrome 
0 8,100 + 0 Relief of dyspnea for short time 
0 5,800 + Dermatitis Died of total empyema after treatment 
: 8,000 ts Chills Recovering from exploration, no evaluation 
; 7,300 +4 Lost appetite Complete control of massive hemoptysis 
() 10,000 i ob Lost appetite No improvement 
= 8,800 0 () Admitted in coma, died at end of treatment 
() 8,300 0 0 Incidental chest finding, no improvement 
9,100 0 Lost appetite Atelectasis cleared by x-ray 
3,700 0 Leucopenia Complete relief of jaw pain 
6,800 + 0 Returned to work, well until present 
() 10,300 0 0 Cough and sputum sharply reduced 
) 6,700 + 0) Back pain greatly relieved 
7,400 + 0 Tumor smaller by x-ray, nodes disappeared 
9,600 4 0) Rib metastases smaller by x-ray 
4,200 0 0 Cough, dyspnea, venous distention disappeared 
; 4,200 + 0 Tonsillar metastases smaller, less cough 
0 7,900 + 0) Unchanged downhill course 
’ 4,900 0 0) Incomplete & brief recovery 
0 6,200 0 0 Unchanged gradual downhill course 
6,800 + 0 Essentially well after 5 mo. 
6,200 0 0) Liver no longer palpable 
0 6,800 0 0 No improvement 
0) 9,200 0 0 Less cough & dyspnea 
' 7,400 0 0 Relief of shoulder pain 
7,000 + 0 X-ray cleared, essentially well after 5 mo. 
7,500 0 0 Nodes disappeared, relief of shoulder pain 
2,500 + Leucopenia Relief of chest pain & hoarseness 
12,000 + 0 Fibrosis of tumor by bronchoscopy 
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TABLE 








SURVIVAL 








DURATION| AFTER TOTAL 

OF SYMP-| TREAT- |DOSE (IN |IMPRO\ 
CASE INDICATION FOR TYPE OF |TOM (IN MENT | MG. PER | SUB 
NO. | SEX | AGE TREATMENT TUMOR MO.) | (MO.) KG.) | JECT! 
52 M 47 Explored, inop. Squamous 16 3 0.4 ~ 
52 ] 0.4 0) 
53 M 49 Sup. caval syndrome Squamous 6 3 0.4 0) 
54 M 66 Invasion of trachea Squamous 6 4+ 0.4 - 
55 F 65 Ca cell effusion Undiff. 2 2+ 0.4 
56 M 69 Brain metast. Squamous 6 2+ 0.8 0) 
57 M 62 Pnetomy, metast. Epiderm. 9 2 0.4 
58 M 70 Distant metast. Undiff. 6 2+ 0.8 
59 M 62 Explored, inop. Undiff. 8 2+ 0.4 
60 M 61 Invasion of trachea Epiderm. 18 24 0.4 () 





many patients are incurable, palliative resection can ameliorate troublesome 
symptoms or prolong life at little added risk and should be used when possible. 
The indications for exploration and resection should be liberal. 

During the past two years, sixty patients with inoperable bronchiogenic 
carcinoma have been treated by us with nitrogen mustard. The condition of 
the patients at the time of treatment varied considerably. From experimental 
studies, it is apparent that the nitrogen mustards are not sufficiently selective to 
kill all tumor cells without also destroying other rapidly proliferating vital 
tissues. Therefore, treatment with this group of compounds was expected to be 
only palliative. 

Roentgen-ray therapy was not instituted in these cases for several reasons. 
Conventional radiation therapy in our experience has not prolonged life in most 
eases of bronchiogenic carcinoma, nor has it allayed symptoms in the majority of 
patients. Most important, we felt that evaluation of this type of treatment 
would be difficult if radiation therapy were added. At the present time, a series 
of patients with combined nitrogen mustard and roentgen-ray treatment are 
being studied. Table I presents a summary of the indications for nitrogen 
mustard treatment in this series. 


DOSAGE AND ADMINISTRATION 


The dosage schedule recommended by the Committee on Growth of the 
National Research Council (0.1 mg. per kilogram of body weight repeated for 
four consecutive days) was the most frequently used form of treatment. Early 
in our experience, however, we felt that response to the drug appeared to vary 
greatly from patient to patient. Consequently, in twenty-three of the seventy- 
one courses of treatment given, a larger dose was used (Table V). In thirteen 
instances the daily dose of 0.1 mg. per kilogram was continued beyond the 
four-day limit, up to eight days, until a relative lymphopenia was noted in 
the blood smear. The total dose of the drug, depending on the patient’s weight 
in this form of treatment, ranged from 16 to 55 mg. In ten instances, treatment 
was started with a 4 mg. dose irrespective of the patient’s weight and increased 
daily until there was an actual depression of the white blood eount in the 
circulating blood. In this group, as much as 3.0 mg. per kilogram or a total 
of 180 mg. was given. 
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-CONT ’D. 
TOXIC EFFECTS 
MENT LOWEST | NAUSEA 
OB- Ww. B. C. | & VOMIT- 
JECTIVE COUNT ING OTHER REMARKS 
= 9,800 0 0 Recovering from exploration, no evaluation 
0 8,200 0 0 Unchanged downhill course 
+ 11,900 0 0 Less swelling of arms & face 
0 16,200 0 0 Less chest pain, no x-ray change 
0 2,400 + Leucopenia Relief of cough & dyspnea 
0 9,200 0 0 Progression of weakness & atelectasis 
0 8,200 0 0 Appetite improved, nodes unchanged 
++ 600 0 Agranulocytosis Relief of pain, clearing of atelectasis 
+ 9,700 0 Free of pain, regained appetite 
0 12,600 0 0 Cough and bronchoscopic picture unchanged 








The nitrogen mustards are toxie drugs and certain precautions are neces- 
sary during and after their administration. All patients were hospitalized for 
the course of the treatment and for a varying period thereafter. White blood 
counts and differential counts were done before treatment, daily during treat- 
ment, and for at least two weeks after the last administration of nitrogen 
mustard. Since the white blood count may continue to fall for as long as two 
to three weeks after nitrogen mustard treatment has been discontinued, counts 
were done at biweekly intervals for two weeks longer. 

A fresh solution of the drug was made up in 10 c.c. of saline solution, and 
the proper amount injected slowly intravenously or through the tubing of a 
saline infusion. During the latter part of the study, the nitrogen mustard was 
given at bedtime and 0.1 Gm. of Nembutal was given at the same time. With 
this program, no severe nausea or vomiting was noted in seventeen patients. 


RESULTS 


Evaluation of any palliative treatment is difficult. Many patients feel 
improved merely by the fact that they have received daily injections by a 
doctor and much attention from nurses and laboratory technicians. Hospitaliza- 
tion, bed rest, chemotherapy, postural drainage, penicillin aerosol treatment, and 
other supportive measures often lower toxicity and clear secondary infection. 
Dyspnea may be less noticeable at bed rest, and cough and pain may be relieved 
by narcotics. We have recorded the subjective and objective status of the 
patient after the usual supportive measures had been carried on for some time. 
Then similar observations were made during and after nitrogen mustard treat- 
ment. Table II presents a summary of the course in all sixty patients who 
received seventy-one courses of treatment. Table III presents the types of 
improvement observed. 

In general, more importance has been attached to objective signs of im- 
provement where the psychologic element did not require evaluation. Decrease 
in the amount of sputum was the most frequent objective sign of improvement. 
Decrease in the size of the primary tumor was striking occasionally. Observation 
of this fact through a cavernostomy opening or by bronchoscopy was considered 
more reliable than roentgen-ray observations, since in the latter, clearing of 
atelectasis is easily confused with decrease in size of the tumor (Fig. 3, 4, @, 
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TABLE III. Type or OBJECTIVE AND SUBJECTIVE IMPROVEMENT (SIXTY PATIENTS AND 


SEVENTY-ONE CourSES OF NM THERAPY) 
TYPE OF IMPROVEMENT NUMBER OF CASES 
Objective 
Decrease in sputum 19 
Decrease in size of primary tumor 12 
Observed by bronchoscopy } 
Visible in cavernostomy - 
Observed by roentgenograms 6 
Decrease in size of metastatic nodes 1] 
Relief of superior caval syndrome 5 
Less swelling of arms and face 5) 
Lower venous pressure and circulating time 3 
Disappearance of convulsions 1 
Disappearance of hemiplegia I 
Cessation of massive hemoptysis 2 
Clearing of atelectasis 6 
Clearing of pleural effusion 3 
Decrease in size of bony metastases 2 


Sub jective 

Decrease in cough, wheeze, and dyspnea 
Decrease or disappearance of chest pain 
Increased strength and ambulation 
Increased appetite and well-being 

Loss of pain from bony metastases 
Decreased headache 


“1D ee 1-1 


bad fd ped VE 


C, and D). Decrease in size of metastatic nodes as well as disappearance of 
bone metastases was impressive when it occurred. Further evidence of redue- 
tion of tumor size was demonstrated by falling venous pressures and spinal 
fluid pressures in eases of superior vena cava obstruction (Fig. 2). Nodes up to 
3 em. in diameter often melted away in the course of a few days, so that it was, 
at times, impossible to locate the nodes for aftertreatment biopsy. 

Kven more frequently, patients were improved subjectively. Marked de- 
crease in cough, dyspnea, and wheezing were the outstanding types of improve- 
ment, and decrease or complete relief of chest pain were next in order of fre- 
quency. Most patients felt stronger and their appetite improved. Occasionally 
pain from bony metastases and headache in association with brain metastases 
were relieved dramatically. 

Karly experience had suggested that only the undifferentiated type of lung 
cancer would respond to nitrogen mustard therapy.” We have treated all types 
of inoperable bronchiogenie carcinoma as they were encountered. Analysis of 
results as related to tumor type is presented (Table IV). Even the most 


TABLE LV. ANALYSIS OF IMPROVEMENT ACCORDING TO TYPE OF TUMOR 





SUBJECTIVE IMPROVEMENT| OBJECTIVE IMPROVEMENT 


| 


(%) (% ) 
rYPE OF |NUMBER OF | MODER- | | MODER 
TUMOR | CASES |MARKED| ATE | NONE |MARKED | ATI NONE 
Kpidermoid carcinoma a ys =  (f (56. 07 1] 89 
Squamous earcinoma 24 29 21 50 17 33 50 
Adeno carcinoma 3 33 67 0 0 33 67 
Undifferentiated carcinoma 24 67 25 8 37 46 17 
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Fig. 1 (Case 10).—Roentgenograms of the chest, (4) on admission, (B) two weeks late1 
after bronchoscopy, postural drainage, and penicillin aerosol, (C) two weeks later, one week 
after completion of course of nitrogen mustard, and (D) on readmission six months later, 
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differentiated tumors responded in sufficient number to justify the use of nitro- 
gen mustard. Objective improvement is perhaps the most reliable indication 
of success and this occurred in the following order: undifferentiated, 83 per 
cent ; squamous, 50 per cent; adenocarcinoma, 33 per cent; and epidermoid, 11 
per cent. Thus the effectiveness of nitrogen mustard generally follows the laws 


of radiosensitivity. 
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Fig. 2 (Case 24).—Chart of venous pressure of arms, circulation time, cerebrospinal 
fluid pressure, and white blood count on admission, following venesection and during and after 
treatment with nitrogen mustard. 

Table V relates dosage to therapeutic success. From this, it appears that 
benefit from nitrogen mustard is not related to the amount of drug given even 
within the very wide limits of 0.4 mg. per kilogram to 3.0 mg. per kilogram. 
These results are somewhat misleading, however, since a number of the patients 
were given larger doses only when the standard 0.4 mg. per kilogram amount 
had been shown to be ineffective while the larger dose eventually proved effec- 
tive. If these patients had been given the standard course only, statistics would 
then have favored larger doses. It is our impression that while the standard 
dose is effective in many cases, if this amount fails to benefit the patient, it is 
worth while to continue treatment cautiously after four doses, at least until 
there is a definite decrease in the percentage of lymphocytes. Such a regime 
produced good results in some, but by no means all, patients who had not 
responded after completion of the standard course. 
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TABLE V. RESULTS OF NITROGEN MUSTARD THERAPY AS RELATED TO DOSAGE IN SEVENTY-ONE 
COURSES OF TREATMENT 








4 MG. PER DAY 
INCREASED TO 10 MG. 
A DAY AND MAIN- 





0.1 MG. PER KG. OF 0.1 MG. PER KG. OF TAINED AT 10 MG. 
BODY WEIGHT FOR 4 BODY WEIGHT FOR 5 UNTIL W.B.C. FALL 
CONSECUTIVE DAYS* TO 8 CONSECUTIVE (TOTAL DOSAGE 
(TOTAL DOSAGE DAYS (TOTAL DOSAGE RANGE 63 TO 180 
DOSAGE SCHEDULE RANGE 16 To 40 MG.) RANGE 24 TO 55 MG.) MG.) 
Number of courses 48 13 10 
Objectively improved 60% 54% 60% 
Subjectively improved 79% 69% 60% 
Unimproved, completely 12% 31% 30% 





PI a schedule recommended by the Committee on Growth of the National Research 

Finally, a discussion is in order concerning the effect of repeated courses 
of nitrogen mustard. Nine of our sixty patients received more than one course 
and two patients had as many as four courses of treatment. The chief reason 
for this small number is that most patients entered with such advaneed lesions 
that the total time of survival after the first course of treatment was less than 
four months. Since most investigators felt that courses should not be repeated 
more frequently than every six to eight weeks, there was no opportunity in most 
eases for further courses of treatment. From this brief experience, we feel that 
it is impossible to predict the reaction of a patient to a second course of treat- 
ment. The periods of time over which relief is afforded do seem to shorten with 
consecutive courses. On the other hand, if a first course was ineffective, a 
second course usually proved to be equally ineffective if comparable doses were 
used. 

PATHOLOGY 


The morphologic changes in normal and malignant tissues following the 
administration of nitrogen mustard have been reported in great detail as they 
occur in experimental animals.** *° In this series we have attempted to cor- 
relate changes in the microscopic picture with clinical results after treatment. 
Pathologie material was available before treatment in all sixty cases. Involved 
lymph nodes, bronchoscopic material, tumor from ecavernostomy opening or 
obtained at autopsy was available in eleven cases during and after treatment. 
Definite changes in the morphologic picture, after treatment, were seen in all 
cases studied and appeared as early as twenty-four hours after the first injec- 
tion. They were most pronounced in the slowly growing epidermoid type of 
tumor. Nuclear fragmentation, changes in the staining reaction, and forma- 
tion of multinucleated giant cells were all striking (Fig. 3, A and B). There 
was also a moderate increase in the number of mitoses. Fewer and less pro- 
nounced changes were observed in the rapidly growing undifferentiated type of 
tumor. Here the predominant posttreatment picture was that of focal areas 
of necrosis and a moderate decrease in the number of mitoses (Fig. 4, A and B). 
None of the changes described here differ from those which may oceur during 
the natural development of a tumor. The reaction to nitrogen mustard, as a 
whole, was similar to that seen after exposure to ionizing radiation. 
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Fig. 3 (Case 29).—Photomicrograph of epidermoid carcinoma (A) before treatment and (B) ten 
days after onset of treatment. (Both plates x800.) 
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Fiz. 4 (Case 24).—Photomicrograph of undifferentiated carcinoma (A) before treatment and 
(B) seven days after onset of treatment. (Both plates 400.) 











380 LYNCH, WARE, AND GAENSLER atone 

Patients with undifferentiated tumors showed excellent clinical response 
while patients with well-differentiated tumors, despite the striking microscopic 
changes in the latter, responded less well clinically. It was felt that the micro- 
scopic changes observed in the latter did not necessarily represent changes 
fatal to the cell. Furthermore, smaller doses may possibly provide stimulation, 
rather than inhibition, in these differentiated cells as evidenced by an increase 
in the number of mitoses. 

Autopsy material was available in five patients dying within the period of 
treatment or shortly thereafter. Changes in organs not invaded by tumor, 
following the doses used, were slight and consisted chiefly of diminution of 
myelopoietie tissue in the bone marrow and deposition of large quantities of 
hemosiderin there and in the spleen. Cytologic changes in bronchiogenic ear- 
cinoma as well as those of organs uninvaded by tumor following treatment with 
nitrogen mustard have been described by us in greater detail elsewhere.*° 


TOXIC REACTIONS 


Since the untoward side effects are induced by the same mechanism which 
produces therapeutic benefits, it cannot be hoped to eliminate them. Although 
over 50 per cent of the patients experienced slight nausea or vomited on one 
occasion, only 13 per cent of patients experienced severe nausea and vomiting. 
Perhaps the most troublesome evidence of toxicity was a loss of appetite beyond 
the time of treatment, a symptom encountered in 13 per cent of our patients. 
In these cases, this persisted for one to two weeks after the termination of 
treatment. In two patients, both of whom had far-advanced disease, the appetite 
was never regained, and this, superimposed on the already existing cachexia, 
was thought to have accelerated the fatal outcome. 

A fall in white blood count below 5,000 cells per cubic millimeter was 
encountered in 27 per cent of the cases. Seventeen per cent showed a moderate 
leucopenia to about 2,000 while four patients suffered from a true agranulocy- 
tosis with white cell counts as low as 400 and with a complete absence of 
polymorphonuclear neutrophils and platelets. These were completely asympto- 
matie except that one patient had a true agranulocytie angina. All patients 
with agranulocytosis recovered on a routine of folic acid and penicillin, the 
latter being of benefit in the prevention of infection. 


TABLE VI. RELATIONSHIP OF TOXIC REACTIONS TO NITROGEN MUSTARD DOSAGE 








DOSAGE SCHEDULE 














0.5-0.8 MG. PER|0.9-3.0 MG. PER | 
0.4 MG. PER KG. KG. KG. TOTAL 
TYPE OF REACTION (48 COURSES ) (13 COURSES) | (10 COURSES) (71 COURSES) 
Severe nausea and vomiting 13% 8% 20% 13% 
Loss of appetite beyond 8 5 30 13 
Rx. time 
Leucopenia (W.B.c. below 15 15 30 17 
5,000) 
Agranulocytosis, asympto- 0 8 30 7 
matic 
10 3 


Agranulocytic angina 0 0 3 ; 
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It is interesting to relate these toxic reactions to the size of the dose (Table 
VI). Gastrointestinal disturbances such as severe nausea and vomiting were 
apparently unrelated to size of dose. Loss of appetite beyond the time of treat- 
ment was suggestively more common in the larger dosage groups but not 
sufficiently so to be convincing. On the other hand, marrow and lymphatic 
depression were definitely related to dosage. In the 0.9 to 3.0 mg. per kilogram 
group, 70 per cent of cases showed leucopenia or agranulocytosis while in the 
0.4 mg. per kilogram group, none showed agranulocytosis and only 15 per cent 
had leucopenia. 

It was thought that therapeutic results might be in some way related to 
toxie reactions (Table VII). Fifty-six per cent of patients with slight or no 
gastrointestinal disturbances experienced good or excellent results, and 50 per 
cent of those with severe nausea and vomiting had excellent or good results. 
Evidently the severity of gastrointestinal disturbances is not related to clinical 
results. The opposite is true of leucopenia and agranulocytosis. Eighty-nine 
per cent of patients with a fall in white blood cell count below 5,000 had good 
or excellent results, while only 43 per cent of those with no fall in white blood 
eell count had equally good results. 


TABLE VII. RELATIONSHIP OF Toxic EFFECT To THERAPEUTIC RESULTS 

















GOOD OR EXCELLENT FAIR OR POOR 

TOXIC EFFECT RESULTS (%) RESULTS (%) 
Slight or no nausea and vomiting 56 44 
Marked or severe nausea and vomiting 50 50 
Fall of W.B.C. below 5,000 89 11 
No fall of W.B.C. 43 57 
Total 55 45 





CASE REPORTS 


Some specific case reports may serve to illustrate the type of response 
observed. Several patients, moribund on admission, were treated and oc- 
casionally dramatic improvement was obtained. 


CasE 24.—W. A., a 41-year-old white man, was admitted to the Boston City Hospital in 
a confused condition. 

The history obtained from a relative revealed that the patient had had a cough and 
hemoptysis for eight months with chest pain for six to eight months. Symptoms had 
gradually increased and swelling of the face had been noted. The patient became confused, 
had numerous convulsions, and was brought to the hospital. 

Physical examination demonstrated a fracture of the right arm, contusions of the 
chest wall, marked swelling of the face and neck, and large nodes in both groins. 

At the time of admission, the venous pressure was 320 mm. and continued to rise 
despite venesection on two occasions. The spinal fluid pressure was 375 mm. (Fig. 2). 
Shortly after admission, the patient lapsed into coma. Roentgen-ray examination of the 
chest showed a tumor mass in the right lung and a phlebogram demonstrated complete 
Biopsy of an inguinal node revealed undifferentiated 


superior vena cava obstruction. 
carcinoma. 

Nitrogen mustard therapy was instituted. The patient’s condition changed remarkably 
from coma to complete consciousness, By the third day of treatment, he appeared mentally 
clear and was oriented as to time and place. The inguinal nodes diminished in size. Follow- 
ing treatment, he continued to improve. The venous pressure and spinal fluid pressure 
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diminished, the white blood cell count gradually fell then eventually rose again to normal 
without therapy (Fig. 2). A biopsy one week after treatment showed necrosis within the 
tumor which had not been present before treatment (Fig. 4, 4 and B). 

The patient’s condition then remained satisfactory as demonstrated in Fig. 
period of six weeks. He then gradually lapsed into coma and sueceumbed. 


for a 


The use of nitrogen mustard in this patient was obviously a desperate 
measure, yet the result was dramatic. Temporarily the patient was apparently 
well and essentially clear. Pathologically the tumor was markedly affected. 


CASE 1.—A. G., a 35-year-old white man, was admitted to the Boston City Hospital be 
cause of chest pain, chills, and fever of five weeks’ duration. 

At bronchoscopy, a tumor mass was seen in the left lower lobe bronchus. Biopsy 
showed a squamous-cell carcinoma. At the time of exploration, a baseball-sized tumor mass 
was present in the left lower lobe and a large mediastinal mass was found. Pneumonectomy, 
with intrapericardial ligation of the inferior pulmonary vein and removal of the mediastinal 
mass was performed. Following pneumonectomy, the patient’s course remained satisfactory 
for four months. 

He then returned with a large submaxillary mass, and preauricular and axillary nodes. 
Axillary node biopsy demonstrated undifferentiated carcinoma. The patient was given a 
standard course of nitrogen mustard with a dramatic result. Axillary, preauricular, and 
cervical masses disappeared. 

During the next eight months, the patient was readmitted on four occasions, each time 
with evidence of tumor involving the skin, parotid area, and lymph nodes of the neck. 
Each time he complained of twenty to thirty convulsions daily despite barbiturate therapy. 
At the time of the last admission, the patient had a complete hemiplegia. 

On all these admissions, the patient was treated with nitrogen mustard in larger than 
standard amounts with excellent temporary results. Following each course of treatment, 
convulsions ceased, and all barbiturates could be discontinued. The masses disappeared and 
the patient left the hospital in excellent condition. Approximately ten months after the 
institution of nitrogen mustard therapy, he was again admitted in terminal condition, and 
died shortly thereafter. 

It has been our desire in this study to select patients for therapy with 
obvious pathologie evidence of bronchiogenie carcinoma so that evaluation 
would be objective. This was completely possible in the case just discussed. 
There can be no doubt that nitrogen mustard had a marked palliative effect 
on this patient’s tumor, prolonging life for a period of almost one year in the 
presence of cerebral metastases. 

The effect of this drug on the rocntgen-ray evidence of disease and the 
pathologie changes are well emphasized in the following ease. 

CAseE 10.—J. M., a 61-year-old white man, was admitted to the hospital complaining 
of chest pain, dyspnea, and hemoptysis of one month’s duration. The roentgen-ray picture 
on admission (Fig. 1, 4) showed massive atelectasis of the right lung. 

At bronchoscopy, a fungating growth was seen within the right main bronchus in 
volving the right wall of the trachea for a distance of approximately 2.5 em. and involving 
the carina between the left and right main bronchi. Because the tumor was obviously 
inoperable, nitrogen mustard therapy was instituted. A dosage of 100 mg. was given over 
a period of ten days. The patient was much improved clinically and the roentgenogram 
(Fig. 1, C) showed apparent complete resolution of the atelectasis and only slight fibrosis 
at the apex. 

At this point, bronchoscopy was again performed and biopsy of the tissue at 
junction of the trachea and right main-stem bronchus was obtained. Sections revealed no 


the 


evidence of tumor. 
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Two weeks after completion of treatment and one week after discharge from the 
hospital, the patient entered the outpatient department complaining of many painful sores 
in the mouth. The white blood count at the time was 600 cells per cubie millimeter. He 
was again hospitalized and penicillin therapy was instituted. The white cell count gradually 
returned to normal over a period of ten days. 

He returned six months later, because of chest pain, dyspnea, and wheezing, and the 
roentgenogram, at this time, revealed complete atelectasis of the right lung (Fig. 1, D). 
Bronchoscopy again showed a large fungating tumor mass involving the right main bronchus 
and carina. Nitrogen mustard therapy was instituted but there was no apparent improve- 
ment shown either by roentgen-ray examination or on repeated bronchoscopy. The patient’s 
course was gradually downhill and he succumbed approximately ten months after the initial 
treatment. 

DISCUSSION 

Satisfactory palliative treatment of inoperable bronchiogenic carcinoma is 
usually difficult because of troublesome symptoms which oceur in the advanced 
stages. Pain is frequent and oceasionally severe. Cough is intractable when 
due to pressure of the tumor or to partial obstruction of a bronehus with 
distal infection. Dyspnea may be present for the same reason. Metastases of 
the tumor to bone or brain produces pain and convulsions which are distressing. 
Nitrogen mustard is one substance offering temporary relief for these patients. 
On the other hand, it is a potent toxie agent with lethal effects on tissue cells 
other than those of the tumor, and as sueh, it must be administered with 
caution. The drug produces nausea, vomiting, and loss of appetite, but these 
symptoms disappear soon after treatment has been stopped. In our opinion, 
such temporary discomfort is no objection to the use of nitrogen mustard. 

The best test of palliation in a patient with carcinoma of the lung would 
naturally be a prolonged survival time after treatment. From Table VIII, it 
ean he readily seen that there has been no average prolongation of life. Yet it 
is apparent to us that many of the patients treated, considered individually, 
survived longer than would have been expected from clinical experience. 


TABLE VIII. LENGTH OF SURVIVAL AFTER TREATMENT 

















Patients who have died 29 


31 Patients still living 
Time before diagnosis made 8.7 mo. Time before diagnosis made 10.4 mo. 
Lived after onset of treatment 3.9 mo. Living after treatment 5.1 mo. 








Nitrogen mustard has produced relief and comfort for many patients for a 
short period of time. It is unfortunate, however, that the duration of bene- 
ficial effect has been short and second courses of therapy have been indicated. 
Despite this, pain, due to invasion of the tumor or metastases, has been lessened, 
cough and dyspnea minimized, and convulsions, due to cerebral metastases, con- 
trolled. Nitrogen mustard has the advantage over roentgen-ray therapy of 
systemic diffusion rather than local administration. It is our impression that it 
has been of greater help in palliating symptoms than roentgen-ray therapy, 
but in the cases studied here it has not given rise to the occasional prolonged 
survival time seen with roentgen-ray therapy. We believe that the results here 
reported justify the further use of the drug to treat symptomatic inoperable 
bronchiogenic carcinoma. 
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SUMMARY 


1. A report of the use of nitrogen mustard in the treatment of sixty 
patients with inoperable bronchiogenic carcinoma is presented. Roentgen radia- 
tion was not used as additional therapy. 

2. Sixty-nine per cent of the patients experienced moderate to excellent 
subjective relief, and 54 per cent showed objective evidence of improvement. 
All types of improvement were temporary. 

3. The incidence of palliation was related to the type of tumor. Objective 
evidence of improvement was obtained in 83 per cent of undifferentiated tumors ; 
50 per cent of squamous type tumors; 33 per cent of adenocarcinomas; and 
11 per cent of epidermoid carcinomas. 

4. Results could not be related to dosage, but it was felt that a larger dose 
than that usually employed resulted in a larger number of good c¢linical results. 

5. Morphologie changes occurring in the tumor tissues after treatment are 
summarized. 

6. Toxic reactions consisting of gastrointestinal disturbances and lymphatie 
and bone marrow depression were encountered with no fatal results. Gastro- 
intestinal disturbances appeared to be unrelated to the dosage and no relation- 
ship to clinical therapeutie results was noted. A fall in the white blood cell 
count was definitely related to dosage, and its occurrence appeared to be of some 
prognostie significance. 

7. Nitrogen mustard therapy usually does not prolong life but it does have 
a definite place in the palliative treatment of inoperable symptomatie bronehio- 
genie carcinoma. 
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PLEURAL REACTIONS TO POLYTHENE PROSTHESIS AFTER 
PNEUMONECTOMY 


AN EXPERIMENTAL STUDY 
JoHN R. RYDELL, M.D.,* ANp GEorGE M. Hiaeins, Pu.D.,f ROCHESTER, MINN. 


HYSICIANS have held various opinions concerning the desirability of 

obliterating the large empty space which remains in the thorax after pneu- 
monectomy. The thoracic surgeon hesitates to recommend a second serious 
operative procedure, such as elective thoracoplasty, if it can be avoided, al- 
though physiologic studies have demonstrated that it is theoretically desirable. 
The logical question then arises as to whether there may be some simpler means, 
other than thoracoplasty, of obliterating this empty pleural space. Therefore, 
efforts have been directed toward the development of a prosthesis to fill this 
empty space partially and to prevent overdistention of the remaining lung. 

In this study, left pneumonectomy was performed in a large series of aduit 
rats. A small polythene bag, made to conform roughly to the size and shape 
of the left lung, was placed in the empty pleural space. Careful attention was 
given to the pleural reaction to this prosthesis, and to the efficieney of such a 
prosthesis in preventing overdistention of the remaining lung. 


EARLY DEVELOPMENT OF THE PROBLEM 


Very early in the history of experimental surgery, it was noted, after resee- 
tion of one lung, that the remaining lung soon increased in size and eventually 
occupied the greater portion of the entire thoracie cavity. For many years, 
it was perhaps logically concluded that this increase in the size of the remaining 
lung was a beneficial compensatory change, which would result in an increased 
pulmonary reserve. 

Along with the earlier pneumonectomies in man, thoracoplasty was ocea- 
sionally performed, either because of fear of infection in the great anatomic 
dead space left by the operation, or because of the fact that an actual empyema 
did develop. As more clinical experience accumulated, the opinion became wide- 
spread that, from the standpoint of pulmonary function, patients often did not 
do as well after simple pneumonectomy as they did when pneumonectomy was 
followed by thoracoplasty. 

Cournand and his eo-workers'* have exhaustively evaluated pulmonary 
funetion after pneumonectomy in man, by making detailed physiologic studies 
of their patients. These authors found that the pneumonectomized patient 
showed a decrease in breathing reserve in various states of activity and that 
this reserve was particularly influenced by the state of distention of the remain- 
ing lung. They eoneluded that overdistention of the remaining lung following 


pneumonectomy was functionally undesirable. 
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It is our belief that this overdistention of the remaining lung may be pre- 
vented as effectively by a suitable prosthesis as by an extensive thoracoplasty. 

Adams and Thornton,‘ and Adams, Thornton, and Carlton’ were the first 
investigators to fill the empty pleural space after pneumonectomy. They 
reported their experimental study on the use of plasma for filling the pleural 
space after loss of varying amounts of the lung. However, at that time, they 
were mainly interested in preventing another undesirable sequela of pneumonec- 
tomy, namely, the decrease in plasma proteins. They did not consider any 
possible mechanical value of plasma as a mechanism for simply occupying the 
pleural space. 

Johnson, Kirby, Lazatin, and Cocke® experimented with two types of pros- 
thesis. After pneumonectomy they placed a solitary, large, hollow object made 
of zirconium in the empty pleural space of four dogs, and multiple, small, hollow 
balls of Lucite (methyl methacrylate) in that of twelve dogs. The zirconium 
incited a rather extensive pleural reaction, but minimal reactions were induced 
in the pleural membranes by the Lucite balls. Accordingly, these authors felt 
that such a prosthesis offered a possible solution to the problem. 

We believe, however, that the best approach may well be obtained by use 
of a large one-piece prosthesis rather than multiple small balls whieh may 
readily be dislodged from their intended position. Since the new plastic, Poly- 
thene, has been found to be well tolerated in other portions of the body,*~? we 
believed that this substance could well prove very satisfactory when used as a 
one-piece prosthesis in the pleural cavity after pneumonectomy. 


MATERIALS AND METHODS 


Commercially prepared Polythene sheets, 0.002 inch (about 0.05 mm.) in 
thickness were used in making these bags. A small piece, about 1.5 inches 
(3.8 em.) square, was cut from the sheet and folded in the center. By means 
of a small plastic heater, similar in principle to a tailor’s press, the edges along 
two margins were firmly pressed into a seam about 2 mm. wide. Then through 
the open end, ordinary fluffed cotton was inserted in amounts sufficient to make 
a bag somewhat less than 1 cm. in diameter. The open end was sealed and the 
Polythene bag was complete. Any rough or ragged edges were carefully 
trimmed away. Each bag was checked for leaks by immersing it under water and 
squeezing it to determine whether air bubbles could be expressed. When com- 
pleted, each bag was roughly the size of the lung which had been removed. We 
have felt that it was better to have the bag somewhat smaller than the lung, 
in order that there be no possibility of excessive pressure against either the 
mediastinum or the remaining lung. 

Nembutal (pentobarbital sodium), given intraperitoneally in amounts equal 
to 25 mg. per kilogram of body weight, together with atropine, proved to be 
the anesthetic agent of choice. An intratracheal tube, also made of Polythene, 
with an outside diameter of 0.08 inch (about 2 mm.) and an inside diameter 
of 0.045 inch (about 1.1 mm.), was inserted under direct vision, by means of 
® ¢elinieal otoseope, into the trachea. Oxygen under positive pressure was 
delivered through this Polythene tube, in accordance with the method described 
by Porter and Small,?° | 
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Pneumonectomy in the rat is indeed a simple procedure. A single ligature 
of No. 40 cotton was required to secure the entire hilum of the left lung and 
then the organ was readily amputated with one cut of the scissors. Three or 
four pneumonectomies can be done in one hour. The anatomy of the rat’s lung 
differs from that of man or dogs (Fig. 1). The left lung, for example, consists 
of but one lobe, which fills a large part of the left hemithorax, whereas the 
right lung has four lobes comprising the usual three, plus a so-called posteaval 
lobe which extends behind the inferior vena cava and occupies the space between 
the inferior aspect of the heart and the dome of the diaphragm. 

After sterilization by soaking in a solution of zephiran chloride (benzal- 
konium chloride, U.S.P.), the bag was placed in the empty pleural space fol- 
lowing pneumonectomy. Since the bag was somewhat flexible, no difficulty 
was experienced in inserting it through the incision in the thoracie wall. We 
did not attempt to immobilize the bag or to fix it in any given position within 
the pleural space; it was merely placed in the empty space with its long axis 
parallel to the long axis of the body. Special care must be taken, however, 
during the closure of the thoracic wall to avoid perforating the Polythene bag 
with the tip of the needle. 


Q 


Post caval 


lobe 





Vena cava ; Diaphragm 
Mediastinal pleura 


Fig. 1.—a, Anatomy of the right lung of the rat. Four lobes are normally present. Bb, 
Normal appearance of the thorax and mediastinum after the anterior plate of the thorax has 
been removed. The arrow indicates the normal site of the rostcaval lobe. ec, Mediastinal shift 
six nee after left pneumonectomy. The heart is ordinarily in contact with the left thoracic 
wall. 





Pneumonectomy has been performed in more than 200 young adult rats, 
and the data obtained from more than 100 of them form the basis of this report. 

The rats, after the operative procedures, were divided into two main 
groups: (1) those which had received the Polythene bag after pneumonectomy 
and (2) those which did not. Three animals in each of two groups were killed 
daily for one week postoperatively. After the anterior plate of the thorax had 
been excised, the pleural exudate in the left side of the thorax was carefully 
aspirated. An erythrocyte count, a leucocyte count, and a differential leucocyte 
count were made of each exudate sample thus removed. In recording the dif- 
ferential distribution, each of 100 cells was classified as either a lymphocyte, 
polymorphonuclear leucocyte, mononuclear macrophage, or eosinophilic leu- 


cocyte. 
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Other rats were killed at longer postoperative intervals up to three months 
and the pleural reactions were studied from the standpoint of the neomembrane 
which forms around the prosthesis. Attention was directed toward evaluating 
the efficiency of the prosthesis in preventing or restricting an increase in the 
weight of the remaining lung after pneumonectomy. 


RESULTS 


The results of our study have been considered from three standpoints: 
(1) the eytologie character of the pulmonary exudate, (2) the neomembrane 
which formed around the prosthesis, and (3) the compensatory changes which 
oceurred in the weights of the remaining right lungs at varying intervals of 
time after pneumonectomy. 

The Pulmonary Exudate—lIn normal animals which had not undergone 
operation, just a trace of pleural fluid was present in the pleural space; after 
pneumonectomy, however, a moderate-sized pleural effusion invariably developed. 
In our experience the amount of effusion did not seem to be as large, relatively, 
as the amounts which are reported to occur in man after similar thoracic 
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Fig. 2.—Amount of exudate recovered from the pleural space of pneumonectomized animals 
for the first seven days following operation. 


Twenty-four hours after the removal of the left lung of rats, about 1 c.c. 
of exudate was recovered from the thorax (Fig. 2). The amounts of fluid at 
longer postoperative intervals continued to increase and reached a maximum 
on the third day, when 2 to 3 ¢.c. of exudate were recovered. After the third 
day, however, the amount of effusion gradually decreased, so that at the end 
of one week not more than 0.5 ¢.c. was present. The exudate was largely on 
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the side on which operation had been done, although some fluid was invariably 
found in the right side of the thorax. Occasionally, too, we noted small amounts 
of exudate within the pericardial sae. Grossly, the early effusion was usually 
pale red in color, owing to the ineluded erythrocytes, but within one or two 





days it took on a faint vellow tint. 





















. 50,000 
3 
Xs 40,000}- 
CS) Ordinary 
n pneumonectomy 
‘  30,000}- 
W 
S 
S 
S 20,000;- 
x 
. . 
© Pneumonectomy Pa eee 
K 10,000/- with polythene bag 
S : 
N 0 | l l | | | 
© 1 2 3 4 5 6 ( 


Days after operation 


Leucocyte count of the exudate of pneumonectomized animals for the first seven days 
following operation. 
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There were no significant increases in the amounts of exudate which de- 
veloped in animals with the Polythene bag, over those which accompanied 
simple pneumonectomy. The maxima] amount of exudate which was obtained 
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three days after operation with the Polythene bag was 2.8 ¢.¢. per rat. Ocea- 
sionally, we encountered rats in which there had developed a postoperative in- 
fection wherein greatly increased amounts of exudate had been produced. 

The leucocyte count in these pleural exudates ranged from 34,000 to 
46,000 per cubic millimeter during the first three days after the operation 
(Fig. 3). After the third postoperative day, however, there was a steady pro- 
gressive decline, so that after one week the average leucocyte count had 
dropped to 10,000. Again there were no significant differences between the 
sets of data assembled in our study of the exudates of the two groups of an- 
imals, with or without the Polythene prosthesis. 

Differential cellular determinations made on smears of the pleural ex- 
udates revealed that the progressive decline in the total numbers of leuco- 
cytes was due to the decrease in the absolute numbers of polymorphonuclear 
leucocytes (Fig. 4). Normally, these cells rarely appear in the small amount 
of pleural fluid which acts as a lubricant to the pleural membranes; however, 
they make their appearance in large numbers whenever any inflammatory 
condition is induced, so that one day after the operation, we found that the 
average count of polymorphonuclear leucocytes was 25,000. This number 
steadily declined until, after one week, they were present in very limited num- 
bers. As in the other data reported here, we could not detect significant dif- 
ferences in this category of cells, between the two series of animals. It is our 
opinion that if the Polythene bags were particularly irritating to the pleural 
membranes this fact would be reflected in a much higher concentration of the 
neutrophilic leucocytes. As was expected, the absolute number of lympho- 
cytes in these exudates varied only slightly from one day to another during 
the seven-day postoperative period. 

The Neomembrane.—One of the most interesting parts of this investiga- 
tion was the development and the fate of the neomembrane which formed 
about the Polythene bag when it was inserted into the thorax after pneu- 
monectomy. The gross aspect of the problem is best portrayed by means of 
drawings (Fig. 5). Usually, as early as twenty-four hours after operation, 
and almost always by forty-eight hours, enough of the cellular exudate had 
condensed about the Polythene bag to form a membrane. The lining of the 
membrane was in close contact with the Polythene bag, but it was never ad- 
herent to it. 

This membrane, or fibrinous capsule, gradually inereased in thickness 
during succeeding days until it reached its maximum three to four weeks 
after operation, when it was seldom more than 1.5 mm. in diameter. Micro- 
scopieally, very few cells were seen in the membrane. In succeeding months, 
it gradually contracted down to a thin transparent fibrous and collagenous, 
rather acellular membrane completely surrounding, and in close contact with, 
the bag. Fluid was rarely if ever found between the membrane and the bag. 
Frequently, the membrane was adherent by small fibrous bands to the costal 
pleura, and the mediastinal pleura, together with phrenic nerve, was often 
adherent to the medial aspect of this membrane. 










RYDELL AND HIGGINS - Surgery 
March, 1950 





392 





Even in the oceasional instances involving the development of septic 
pleuritis with marked thickening of this membrane, the Polythene bag was 
easily removed from the membranous sae surrounding it. This has its impor- 
tant application, of course, in man; for one of the essential qualities of any 
satisfactory prosthesis, such as this, is that it must be easily removed, should 
this become necessary because of infection. 
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Fig. 5.—Stages in the development of the neomembrane and its final appearance. / 


Day, a moderate amount of pleural effusion is present and the first trace of neomembrane 
surrounding the Polythene bag has developed. 3 Days, a moderate pleural effusion is still 
present and the neomembrane has become thicker. 30 Days, the pleural effusion has dis- 
appeared entirely and the membrane around the Polythene bag has reached its maximal thick- 
ness. 90 Days, the membrane has contracted down to a thin translucent sheet. 





Despite the many thousands of heartbeats to which this Polythene bag 
was subjected every day, over a period of months, there were no signs of wear 
on the bag. Histologie sections of the membrane failed to reveal any foreign- 
body giant-cell reactions or any excessive inflammatory cellular infiltration. 
The entire reaction was rather mild. 

In an effort to determine whether or not the zephiran solution which 
we used to sterilize the Polythene bags was irritating to the pleural mem- 
branes, strips of Polythene were soaked in zephiran for as long as twenty- 
four hours and then placed in the pleural cavity for varying periods of time. 
The pleural reactions to such strips were then contrasted with those reactions 
seen when other Polythene strips were dipped in zephiran for one minute and 
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Number 


then placed into the pleural space. Since we could not detect essential dif- 
ferences between the pleural reactions to these two types of zephiran-treated 
Polythene strips, we concluded that the preliminary soaking of the Polythene 
bags in the zephiran solution before inserting them into the thorax was in- 
nocuous. 

Compensatory Changes in the Size of the Remaining Right Lung.—Fifteen 
normal and apparently healthy rats, within the body-weight range used in this 
study, were killed and the weights of the left and right lungs were deter- 
mined. These rats were anesthetized with pentobarbital sodium, the anterior 
plate of the thorax was removed, the hilum of each lung was clamped and 
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Fig. 6.—Attained weights of the right lung followinz left pneumonectomy in a series of 
normal rats. 

tied, and each lung was then removed. Loss of blood was practically pre- 
vented by these procedures. The lungs were then placed on a strip of gauze 
to absorb the small amounts of blood which had escaped from the cut surface. 
Each lung was immediately weighed upon a delicate precision balance accurate 
to 0.1 mg. It is important to weigh the lungs immediately, for even within 
two minutes sufficient air has escaped and moisture has been lost, so that a 
decrease of 5 to 10 mg. in weight may be recorded. 

The average weight of the right lung of these fifteen animals was 5.78 mg. 
per gram of body weight, while that of the left lung was 1.97 mg. (Fig. 6). 
This means that in the rat of this age group, the left lung accounts for only 
about 35 per cent of the total weight of both lungs. After these values for a 
series of normal rats had been determined, interest was then centered upon the 
rate at which the remaining right lung increased in weight after unilateral 
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pneumonectomy and upon whether or not any increase in weight of this re- 
maining lung could be prevented by the use of the Polythene bag prosthesis. 

Thirty-six adult rats of this same age group were isolated and divided 
into six groups of six animals each. Left pneumonectomy was performed in 
the usual way upon three rats in each group, and the excised left lung was im- 
mediately weighed upon its removal. The remaining three rats in each group 
were used as controls which had not undergone operation. The groups of rats 
were then anesthetized and killed at intervals of three days, one week, two 
weeks, one month, and three months, postoperatively. At the time of killing, 
the body weights of all of the rats were recorded. The remaining right lung 
in each rat which had undergone operation was removed in the manner de- 
scribed and weighed, and both lungs in the control rats were likewise ligated, 
removed, and weighed. 

The data indicate that as early as three days after operation, the weight 
of the remaining right lung had already increased over that of its unoperated 
eontrol. At that time it averaged 4.10 mg. per gram of body weight, a defi- 
nite increase from the weight of 3.78 mg. established for the controls (Fig. 6). 
At six days the average weight of the right lung was 4.46 mg. per gram of 
body weight, and at three months 5.44 mg. Therefore, the data indicate that 
the remaining right lung reacted promptly to the loss of the left and began 
to inerease in weight immediately. This weight continued at a fairly rapid 
rate for about the first month, after which the rate leveled off so that even 
after three months, the weight of the remaining lung had not attained an 
average weight of both lungs in normal] rats. 

Similar studies were caried out on twelve rats which carried a Poly- 
thene bag prosthesis in the left side of the thorax for varying periods of time 
after pneumonectomy. In no instance in this group, however, did the remain- 
ing lung attain a weight, at any given postoperative interval, comparable to 
that which was found for the remaining lung in animals in which the bag had 
not been used. Slight increases were recorded in the weights of the right 
lung of animals with the prosthesis, but it may be that even these slight in- 
creases could have been prevented if the Polythene bags had been made a 
trifle larger, thereby further restricting the volume of the space in the left side 
of the thorax into which the right lung could extend. The number of animals 
used was inadequate to enable us to conelude that such a prosthesis will actu- 
ally inhibit compensatory hyperplasia. There is need for a more extended 
study of this part of our investigation. 


COMMENT 


For some time, many surgeons have been of the opinion that the oblitera- 
tion of the empty pleural space after pneumonectomy is desirable for reasons 
cited previously in this paper. It is obvious, however, that thoracoplasty is 
an undesirable means of accomplishing this project, because it entails a second 
major surgical procedure. It may be that the use of a Polythene bag pros- 
thesis as deseribed here and used so effectively in experimental pneumonec- 
tomy will provide the best answer to this problem. It certainly has a great 


many advantages. While the use of such therapy may prove to be satisfac 
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tory, further work obviously must be done to perfect the technique. We have 
noted occasionally during our study that the Polythene bag may split apart 
along the seam, so that the unsterile content has provoked empyema, often 
followed by death. This same complication has been observed in dogs. <Ac- 
cordingly, it would seem to us that the procedure has not been developed to 
a point sufficiently safe to be used in man. Polythene, like glass, may be blown 
into various shapes, and it may be that a hollow lung-shaped Polythene bag, 
without seams, would serve more satisfactorily the surgeon’s needs for an ade- 
quate prosthesis after pneumonectomy. 


SUMMARY AND CONCLUSIONS 


The use of a lung-sized Polythene prosthesis placed in the pleural cavity 
after pneumonectomy has been demonstrated to be feasible in rats. There is 
a benign pleural reaction to such a prosthesis. The amount of exudate is not 
significantly increased over that seen after ordinary pneumonectomy, and the 
cell count of the exudate is not significantly altered. 

A neomembrane forms about the Polythene bag as early as twenty-four 
hours after operation. This membrane gradually increases in thickness, reach- 
ing its maximum about one month postoperatively. In succeeding months it 


contracts down to a thin fibrinous, rather acellular plaque completely sur- 


rounding the bag. 
This prosthesis effectively prevents extensive shift of the mediastinum 


and marked overdistention of the remaining lung. 

After ordinary pneumonectomy, the remaining lung rapidly increases in 
size and weight, so that by one month postoperatively it weighs almost as 
much as the combined weight of both lungs in normal rats. This increase in 
weight of the remaining right lung is largely prevented by use of the Poly- 


thene bag. 
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THE GASTRIC SECRETORY RESPONSE TO INTRAVENOUSLY 
ADMINISTERED AMINO ACID MIXTURES 


PauL R. SHarick, M.D., AND DARRELL A. CAMPBELL, M.D., 
ELoIseE, MIcH. 


(From the Department of Surgery, Wayne County General Hospital.) 


ANY amino acid preparations for oral and parenteral use have appeared 

in the past ten years and have proved to be of great value in the treat- 
ment of various hypoproteinemic states. Such mixtures have been given pre- 
and postoperatively, and in recent years have been used as a definitive form of 
therapy for patients with peptic ulcer. 

In 1930, Okada and associates'* administered intravenously 5 per cent solu- 
tions of glycol, alanine, and histidine and a 2.31 per cent solution of glutamic 
acid to man and dogs. They found that such infusions caused a pronounced in- 
crease in gastrie acid secretion which was abolished following total vagotomy. 
In some of their experiments a marked hypoglycemia occurred which we now 
know may be responsible for gastric acid stimulation. Similar results were ob- 
tained by LaBarre and Destree." 

Both oral and intravenous amino acid mixtures are currently employed in the 
therapy of patients having peptic ulcer.*: * *® ** 16 The benefit derived from 
such therapy is purportedly twofold: (a) The amino acids furnish a buffering 
action to the gastric juice upon oral administration, and (b) any associated hypo- 
proteinemia is corrected with consequent hastening of ulcer healing.’’ A serious 
doubt has been cast upon the advisability of using this method of therapy by 
Woldman and associates,?! who demonstrated a marked and sustained rise in 
gastric acidity following the use of oral amino acid mixtures. In their experi- 
ence, a protein deficiency reflected by a plasma protein level of less than 6 Gm. 
per cent was unusual in an ulcer patient, and complications such as hemorrhage* 
and perforation’® have occurred in patients receiving this form of therapy. 

The object of this investigation was to determine: (1) whether intravenous 
amino acid mixtures as currently used clinically caused a stimulation of gastric 
acid production, and (2) whether such stimulation, if present, was mediated via 
the vagus nerves. 

The blood glucose, blood amino acid nitrogen, and volume of gastric secre 
tion were observed in response to the intravenous administration of amino acid 
mixtures. Two preparations were ultilized for the infusions and are referred to 
as (a) protein enzymatic hydrolysate* and (b) solution of amino acids, respec- 
tively. 

METHODS 

Each patient studied was in as near a basal state as possible. The tests 
were performed between 8:30 and 11:30 a.m. to eliminate conditioned reflexes 
which might occur at mealtime. The presence of acidosis was ruled out in each 

Received for publication, April 14, 1949. 

*This preparation is an enzymatic digest of casein and pork pancreas and is marketed 
under the trade name “Amigen,” by Mead Johnson & Company, Evansville, Ind. 


+The second preparation is a synthetic amino acid mixture containing the ten essential 
amino acids with added glycine. It is referred to as ‘“‘VUJ,” Merck & Co., Inc., Rahway, N. J. 
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patient.? A histamine gastric analysis was performed on each patient to estab- 
lish the acid-secreting ability of the gastrie mucosa. Patients hospitalized for 
disease other than gastric and patients with active and inactive peptic ulcers 
were studied. All subjects were in a fasting state and food, fluids, medications, 
and tobacco were withheld for the previous fifteen hours. Each subject was ecare- 
fully shielded from extraneous stimuli such as the sight and odor of food. The 
night secretion specimen was discarded, all gastric specimens were drawn at 
fifteen-minute intervals, and the period of study was conducted for two to three 
hours. The amino acid mixtures were given in 500 ¢.c. quantities intravenously, 
each infusion lasting thirty minutes. 

The volume of each gastric specimen was accurately measured with a volu- 
metric pipette and, whenever possible, 5 ¢.c. samples were utilized in the titra- 
tion. Each specimen was titrated with 0.1 normal sodium hydroxide to an exact 
end point of pH 3.5 for free acid and pH 7.0 for total acid, utilizing a Leeds- 
Northrup potentiometer. Thus, errors inherent in the use of Topfer’s reagent 
and phenolphthalein* as dye end points were obviated and the base neutralizing 
ability of proteins present in gastri¢e juice eliminated.®” 7! 

A heidenhain pouch was constructed in a dog which was maintained on an 
adequate diet. The tests were carried out two months after the last operative 
procedure, at such time when no ulceration of the pouch or surrounding skin 
was present. The pouch was capable of secreting acid in response to histamine 
and was proved to be of nonvagal character by the insulin test. The amino acid 
mixtures were given intravenously in caleulated dosage of 10 ¢.c. per kilogram 
and the test procedure differed only from that used in clinical subjects in that 
the gastric specimens were collected at ten-minute intervals. 

Blood glucose was determined according to the micro Folin-Wu colorimetric 
method. 

Blood amino acid nitrogen content was determined according to the method 
of Albanese and Irby.* 

The total acid in clinical units was converted to millimoles of hydrochloric 
acid and parietal cell output in cubie centimeters according to the method of 
Dragstedt.® 

RESULTS 

The six patients receiving the enzymatic protein hydrolysate showed an 
approximate doubling of the gastric hydrochloric acid and parietal cell output. 
The six patients receiving the amino acid solution showed the same effect. The 


TABLE I. GASTRIC SECRETORY RESPONSE TO INTRAVENOUSLY GIVEN AMINO ACID MIXTURES 























| VOLUME FREE ACID | TOTAL ACID PARIETAL 
GASTRIC (CLINICAL | (CLINICAL | TOTAL ACID |CELL OUTPUT 
AVERAGE 15 MINUTE VALUES |JUICE (C.C.) UNITS) UNITS ) | (mM.) (0.0. 
Protein hydroly- Fasting 22.8 21.8 32.8 89 5.40 
sate (6 patients) After 28.3 44.2 54.5 1 i 10.65 
Amino acid solu- Fasting 17.4 16.8 30.1 9 3.57 
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average fifteen-minute volume of gastric juice showed an increase over fasting 
levels following the administration of the amino acid mixtures in both groups. 
After the intravenous administration of enzymatic protein hydrolysate to the 
Heidenhain pouch dog, five tests failed to produce an increase in gastric acid 
secretion. A depression of gastric acid appeared to occur (Table I). 
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Fig. 1.—Graphic presentation of gastric secretory response to protein hydrolysate and amino 


acid solution. 


The blood glucose showed a transitory rise at thirty minutes with a return 
to near fasting levels in the subjects receiving either of the solutions. The av- 
erage increase in the twelve patients was 7 mg. per 100 ¢.c. The blood amino 
acid nitrogen showed an immediate increase followed by a gradual decline (Table 
Il). These results are graphically illustrated in Fig. 1. 
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All twelve subjects showed an increase in gastric acid secretion following 
the infusions. However, the response was variable and no correlation could be 
made with the amino acid nitrogen level of the blood. In a few instances, the in- 
erease in clinical units of total acid was as much as 80 and in others as little as 
14. No apparent difference in the gastric acid response was noted between pa- 
tients without gastric disease and those having peptic ulcers. 
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Fig. 2.—Graph showing failure to obtain secretory response after vagotomy (compared with 
insulin hypoglycemia test.) 

Three patients undergoing the operation of total vagotomy for peptie ulcer 
were given pre- and postoperative infusions of the amino acid mixtures and the 
eastrie acid response was determined. Insulin hypoglycemia tests according to 
Hollander’s method,® as well as neutral red exeretion times,’ were done and th 
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results of the tests compared. <A positive neutral red excretion and insulin 
hypoglycemia test and a definite gastric acid response to the intravenous amino 
acid mixtures were obtained preoperatively, all of which were abolished follow- 
ing total vagotomy. A comparison between the amino acid and insulin tests be- 
fore and after vagotomy is shown in Fig. 2. 


DISCUSSION 


Price and associates'® have shown that the healing of gastric suture lines in 
dogs was significantly impaired when the gastric acid was stimulated by hista- 
mine-in-beeswax in the early postoperative period. This study has shown to our 
satisfaction that a great increase in the production of gastrie hydrochloric acid 
follows the use of intravenous amino acid mixtures. It is suggested that the ad- 
ministration of such mixtures may be inadvisable in patients with recent upper 
gastro intestinal suture lines when gastrie acid is present. Sokalehuk and as- 
sociates’® and Learner and co-workers’ have reported duodenal hypermotility 
following intravenous infusions of amino acid mixtures and monosodium gluta- 
mate. Although they concluded that such hypermotility did not interfere with 
experimental duodenal suture lines, the combination of increased acid secretion 
and hypermotility may not be without danger. Woldman and associates”! con- 
cluded that oral amino acid mixtures are contraindicated in the definitive 
therapy of peptic ulcer. The intravenous administration of such mixtures has 
been similarly employed.’ That such a mode of therapy is likewise contraindi- 
cated is shown by the gastric acid response obtained in this study. In addition, 
the temporary buffering action exhibited following oral administration is neces- 
sarily absent with the intravenous use of these mixtures. Shay and co-workers,'* 
however, have shown that oral amino acid mixtures have a prophylactic value 
in rats for the prevention of peptic uleer. Such prophylaxis may be related to 
the pepsin-inhibiting quality of the amino acid mixtures.2, The hypoglycemic 
response to intravenously administered individual amino acids, as obtained by 
Okada™ and confirmed by LaBarre and Destree,' did not occur in this study. 
Total vagotomy abolished the gastrie acid response to intravenously given amino 
acid mixtures in three clinical subjects. Similarly, repeated efforts to obtain a 
gastric acid response to the same stimulus from a nonvagal pouch dog failed. 
This may be considered presumptive evidence that the stimulus-accelerating 
vastri¢c acid secretion in response to intravenous infusions of amino acid mixtures 
is mediated by the vagus nerves. 


SUMMARY AND CONCLUSIONS 


The gastric acid, volume secretion, blood glucose, and blood amino acid nitro- 
gen response to intravenously administered amino acid mixtures were observed 
in twelve patients. An approximate doubling of the gastric acid output occurred 
in patients without gastric disease and in those with active and inactive peptic 
uleer. 

The blood glucose showed a slight transitory rise thirty minutes after the 
nfusions were begun, followed by a return to near fasting levels. The blood 
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total vagotomy for peptic ulcer. 


2. Alpert, S., and Martin, G. J.: 
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amino acid nitrogen showed an immediate increase followed by a gradual de- 
cline. The volume of gastric secretion showed an increase over fasting levels. 


In three patients, total vagotomy abolished the gastric acid response to in- 


travenous infusions of amino acid mixtures. 


Intravenous amino acid mixtures may be contraindicated in postoperative 


patients with upper gastrointestinal suture lines when gastric acid is present. 
It may also be contraindicated as a method of therapy for peptic ulcer. 


The gastric acid response to intravenous amino acid mixtures may be of 


assistance in determining the completeness of vagus section in patients having a 
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BACITRACIN LEVELS IN THE CEREBROSPINAL FLUID 
AFTER PARENTERAL INJECTIONS 


BACITRACIN THERAPY OF EXPERIMENTAL STAPHYLOCOCCAL MENINGITIS 
IN THE Doc 


Pau. TENG, M.D., AND FRANK L. MELENEy, M.D., NEw York, N. Y. 


(From the Laboratory of Bacteriological Research of the Department of Surgery, College of 
Physicians and Surgeons, Columbia University) 

NEW and powerful antibiotic, bacitracin, was discovered by Johnson and 

Meleney in 1943 in the culture medium of a gram-positive, sporulating 
bacillus of the Bacillus subtilis group. It has a wide spectrum of antibacterial 
activity and is effective in vitro against both aerobic and anaerobic gram- 
positive organisms, such as the streptococci, pneumococci, staphylococci, micro- 
eocei, and corynebacteria in the aerobie group and clostridia, streptococci, and 
micrococci in the anaerobic group. It is ineffective against the gram-negative 
organisms, except for the gonococci and the meningococci. Spirochetes are 
highly susceptible.2 Among the protozoans, the Endamoeba histolytica is also 
susceptible.* There is evidence of incomplete inhibition of Nocardia asteroides 
and Nocardia mexicanus by bacitracin.’ 

Both laboratory and clinical observations have shown that bacitracin ean 
be administered by various routes, that is, subcutaneous, intravenous, intra- 
muscular, topical, and per os. In March, 1947, Meleney and Johnson® reported 
an 88 per cent favorable response to bacitracin in the local treatment of 100 
eases of various kinds of surgical infections. Meleney and associates® reported 
in Dee., 1949, the results obtained in 270 eases of general infections treated 
intramuscularly with bacitracin; a favorable result was obtained in 66 per cent. 
By topical application, as well as by mouth, blood levels cannot be obtained 
but low levels in the urine indicate that some bacitracin is absorbed. By 
mouth administration, bacitracin may be beneficial in reducing the intestinal 
gram-positive flora during the preoperative procedure in intestinal surgery. 
Its low absorbability from the gastrointestinal tract makes possible its local 
treatment for amebic dysentery. 

This report concerns the study of the levels of bacitracin in the cerebro- 
spinal fluid by intravenous or intramuscular injections in laboratory animals 
and in patients with normal or with diseased meninges and the results of the 
treatment of experimental staphylococcal meningitis in dogs. 


LEVELS OF BACITRACIN IN THE CEREBROSPINAL FLUID 
AFTER INTRAVENOUS INJECTION 


Intravenous Injection in Rabbits——Bacitracin, in a dosage of 2,000 to 3,000 
units per kilogram of body weight, was administered by the ear vein in the ten 
rabbits used in this study. The amount of the drug designed for each animal 
was dissolved in 3 ¢.c. of normal saline solution and the injection time was 
tnd, The bacitracin used was supplied by the Commercial Solvents Corporation, Terre Haute, 

These studies were partly supported by a grant from the Medical Research and Develop- 


ment Board of the Surgeon General of the Army. 
Received for publication, March 19, 1949. 
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approximately ten seconds. The animals were sacrificed under intraperitoneal 
Nembutal or by inhalation of chloroform or ether at the end of one, two, or three 
hours after the injection and specimens of cerebrospinal fluid were collected 
from the cranial fossae for titration by the penicylinder-plate method against 
Micrococcus flavus. The results are shown in Table I. 


TABLE I. LEVEL OF BACITRACIN IN THE CEREBROSPINAL FLUID OF RABBITS AFTER 











INTRAVENOUS INJECTION 
BACITRACIN 
RABBIT DOSAGE HOUR AFTER ANIMAL CEREBROSPINAL 
NUMBER (UNITS) INJECTION KILLED BY FLUID LEVEL 
7 1 6,000 1 Nembutal* 0 
2 6,000 2 Nembutal Trace 
3 6,000 2 Nembutal 0 
4 7,000 2 Nembutal Trace 
5 10,000 3 Nembutal Trace 
6 7,500 1 Ether 0.42 
7 7,000 1 Chloroform 0.62 
8 7,000 2 Chloroform 0.30 
9 6,000 2 Chloroform 0.39 
10 8,000 3 Chloroform Trace 





*Nembutal by intraperitoneal injecticn. 


Discussion—The delicate brain organ is well protected by the hemato- 
encephalie barrier. Many substances pass with ease from the cerebrospinal fluid 
into the blood circulation, but very few ean pass in the opposite direction. 
Normally the epithelium of the choroid plexus works as a relatively impervious 
barrier to the great majority of substances which reach it through the blood 
stream. For example, Boyd’ reported that, following subcutaneous injection, 
tetanus toxin fails to enter the spinal fluid. The specific agglutinin found in 
typhoid fever is.also absent. Dyes and extraneous electrolytes injected intra- 
venously do not appear in the fluid. Rammelkamp and Keefer* found that, 
following one single intravenous administration of penicillin of from 10,000 
to 20,000 Florey units, penicillin was not found in the cerebrospinal fluid 
taken from 5 to 195 minutes after injection in subjects who did not have 
meningitis. Bacitracin is no exception in this respect. In their experiments 
with bacitracin on five normal monkeys, Seudi and associates? found that the 
spinal fluid concentrations ranged from 0.009 to 0.34 unit per eubie centimeter 
in contrast to corresponding blood concentrations of 0.18 to 8.1 units per cubic 
centimeter. As shown in Table I, in the five rabbits that were sacrificed under 
intraperitoneal Nembutal anesthesia one, two, or three hours after a single 
intravenous injection of bacitracin, 2,000 to 3,000 units per kilogram om body 
weight, the cerebrospinal fluid, which was collected from the cranial fossae after 
the removal of the brain, contained no bacitracin or only a trace. However, 
the cerebrospinal fluid content of bacitracin was significantly higher in the 
one animal that was killed by the inhalation of ether and the four killed by 
chloroform, with the exception of one rabbit in the latter group in which only 
a trace of the antibiotic was recovered from the fluid. It is a well-known fact 
that ether and chloroform pass into the spinal fluid with ease and cause an 
increase of the cerebrospinal fluid circulation. The asphyxia, produced by the 
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inhalation anesthesia, possibly caused an increase in the permeability of the 
choroid plexus, resulting in an increase in the passage of the bacitracin into 
the cerebrospinal fluid. This was an unexpected finding and is particularly 
surprising when it is realized that the period of anesthesia before the death 
of the animals was less than ten minutes. Inasmuch as bacitracin is insoluble 
in chloroform and ether,’® it was not earried into the cerebrospinal fluid by 
the solvents. Their action was therefore indirect. Whether a nonfatal anes- 
thesia would also increase the passage of bacitracin through the blood-brain 
barrier has not yet been determined. 

Intravenous Injection in Dogs—lIn this experiment, three dogs were put 
under intravenous nembutal anesthesia, using 30 mg. per kilogram of body 
weight. Bacitracin, in a dosage of 1,000 units per kilogram of body weight in 
500 ¢.e. of physiologic saline solution, was then injected by continuous intra- 
venous drip at a rate of 125 ¢.e. per hour. Blood and cerebrospinal fluid speci- 
mens were collected at one, two, three, and four hours during the course of 
infusion and one hour after the infusion stopped. The cerebrospinal fluid 
specimens were gathered by repeated cisternal punctures. The concentration 
of bacitracin in the blood and cerebrospinal fluid was determined by the serial 
titration method against the Chanin strain of a Group A hemolytic strepto- 
coccus.!. The results are shown in Table II. 


TABLE II. LEVEL Or BACITRACIN IN THE CEREBROSPINAL FLUID AND BLOOD OF NORMAL 
Dogs BY INTRAVENOUS CONTINUOUS DRIP 














BACITRACIN BLOOD LEVEL | CEREBROSPINAL FLUID LEVEL 
DOG DOSAGE ] 2 BS 4 5 ] 2 3 4 5 
NO. (UNITS) HR. HR. HR. HR. HR. HR. HR. HR. HR. HR. 
3 7,000 0.38 0.19 0.38 0.768 0.096 0 0 0.012 0 0 
8 10,000 0.38 0.38 0.38 2.56* 0.19 0 0.006 0.006 0.016t 0.024t 
9 15,000 138 154 O97 - O77 0.097 0 0.008 0.008 0.006 0 





*Following an accidental increase in the speed of the infusion. 
ow a ee increase in the cerebrospinal fluid level and highest figure obtained 

Discussion—Rammelkamp and Keefer* found that with continuous ad- 
ministration of penicillin, from 2,500 to 3,000 Florey units per hour, for twenty- 
four hours by intravenous drip, no penicillin was found in the cerebrospinal 
fluid of normal subjects. Sechwemlein and associates" observed that, when from 
10 to 25 million units of penicillin were administered by continuous intravenous 
drip over a twenty-four hour period, small amounts of the drug, 0.03 to 0.21 
of a unit, might be found in the spinal fluid. 

In the continuous administration of bacitracin to our dogs, an attempt 
was made to distribute the bacitracin through the four-hour period, 250 units 
per kilogram per hour. Assuming that the circulatory blood is 7.7 per cent of 
body weight, a 10 kilogram dog would have 0.77 kilogram of blood. Two 
thousand five hundred units introduced in the first hour, if all retained in the 
circulation, would give approximately 3.2 units per ecubie centimeter. Our 
figures would seem to indicate that bacitracin is either rapidly taken up by 
the tissues or eliminated by the kidneys and that after the first hour there is 
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no build up in the blood as we expected, but it is taken out of the blood as 
rapidly as it is put in. In any event, spinal fluid levels are minimal and do 
not run parallel with the blood levels. 

In Animal 8, when the rate of flow was accidentally increased during the 
fourth hour, while there was a sevenfold increase in the blood level, there was 
a twenty-six fold increase in the spinal fluid level and this figure was further 
increased in the fifth hour while the blood level fell. This would tend to 
confirm the results with penicillin by the authors mentioned previously,'' sug- 
gesting that, with increased doses and correspondingly increased pressures of 
the drugs, they may be forced into the cerebrospinal fluid even with normal 
meninges and with inflamed meninges might well reach therapeutic ‘levels. 


LEVEL OF BACITRACIN IN THE CEREBROSPINAL FLUID 
AFTER INTRAMUSCULAR INJECTION 


Intramuscular Injection in Dogs With Experimental Staphylococcal 
Meningitis—An acute meningitis was produced in eight dogs by the intra- 
cisternal injection of 500 millions of staphylococci in 3 ¢.c. of normal saline 
solution, as will be described later. At intervals varying from one and one- 
half to five hours later, these animals received one intramuscular injection of 
bacitracin varying from 10,00 to 25,000 units. Cisternal fluid and blood were 
collected for titration one hour after the intramuscular injection of bacitracin 
and titrated by the penicylinder-plate method. The results are presented in 
Table III. 





TABLE III. LEVEL or BACITRACIN IN THE CEREBROSPINAL FLUID OF Docs WITH 
STAPHYLOCOCCAL MENINGITIS AFTER A SINGLE INTRAMUSCULAR 
INJECTION OF THE ANTIBIOTIC 








HOURS AFTER 





BACITRACIN INTRACISTERNAL CEREBROSPINAL 
EXPERIMENT DOSAGE INJECTION OF FLUID CELL BLOOD CEREBROSPINAL 
NUMBER (UNITS) STAPHYLOCOCCI COUNT LEVEL FLUID LEVEL 
1 10,000 1% 2,700 0.77 ~ 02. | 
2 15,000 1% 250 0.77 = 
3 20,000 1% 280 0.54 Trace 
4 10,000 2 920 0.78 0.30 
5 10,000 2 Cloudy; no ” 0.25 
count 
6 25,000 3 Very cloudy; ° 0.70 
no count 
7 25,000 3 Very cloudy; a 3.3 
no count 
8 15,000 5 26,000 1.50 1.5 





*Blood specimens became contaminated. 


Discussion.—In the presence of staphylococcal meningitis, the results were 
quite different from those described previously. When the meninges were severely 
damaged by the pyogenic infection, unlike penicillin,’* bacitracin by intra- 
museular injections passed readily into the cerebrospinal fluid and reached a 
therapeutic level. This is clearly shown in Table III. As early as one and 
one-half hours after the intracisternal inoculation of the staphylococeal culture 
in dogs, the hemato-encephalie barrier no longer prevented bacitracin from 
reaching the cerebrospinal fluid by way of the blood circulation. The greater 
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the turbidity or the higher the cell count of the cerebrospinal fluid, the higher 
was the concentration of bacitracin in the fluid. In other words, the greater 
the damage done to the meninges by the inflammatory process, the easier it 
was for the bacitracin to reach the area of bacterial activity. These ob- 
servations encouraged us in the clinical trial of bacitracin in patients with 
pyogenic infections of the meninges or of the central nervous system by sus- 
ceptible microorganisms. 

Intramuscular Injection in Patients—The cerebrospinal fluid of three 
patients to whom bacitracin had been given intramuscularly was titrated for 
bacitracin levels. In the first case, bacitracin in a dosage of 19,000 units was 
administered every six hours prophylactically for nine days after external 
neurolysis of the right common peroneal and tibial nerves. These nerves had 
been compressed by scar tissues following a gunshot wound which had been 
infected with a staphylococcus resistant to penicillin and susceptible to 
bacitracin. Spinal fluid was collected two hours after the intramuscular in- 
jection. The fluid was clear and contained two white and six red blood eells. 
The concentration of bacitracin by serial titration method was found to be 
0.024 unit per cubic centimeters. 

The second case was one of Harada’s disease, which is thought to be a 
virus infection of the meninges. The cerebrospinal fluid picture resembled 
very much that of acute encephalitis with a cell count of 172 ¢.mm. and with a 
differential of 89 per cent of lymphocytes and 11 per cent of neutrophils. 
Chemical analysis indicated sugar, 47 mg. per cent; chlorides, 715 mg. per 
cent; and a positive Pandy test. Cultures of the cerebrospinal fluid were 
repeatedly negative. The patient was given 33,000 units of bacitracin intra- 
muscularly four times a day. On two oceasions the cerebrospinal fluid specimens 
were taken one hour after the bacitracin injection and were found to contain 
0.012 and 0.024 of a unit per cubie centimeter in contrast to the blood levels 
of 0.144 and 0.288 taken at the same time. 

The third case was an actinomyeotie (Nocardia asteroides) infection of 
the meninges, verified by repeated positive cultures from the cerebrospinal 
fluid. The cell counts of the spinal fluid varied from 800 to 850 with neutrophils 
predominant and protein contents of 258 to 660 mg. per cent. The patient was 
given 300,000 units of penicillin every three hours and 20,000 units of bacitracin 
intramuscularly every six hours daily. A specimen of the cerebrospinal fluid 
was collected two hours after the injection of bacitracin and three hours after 
the injection of penicillin. The combined level of the antibioties in the cerebro- 
spinal fluid was equivalent to 0.096 unit of bacitracin when tested against the 
Chanin strain of hemolytie streptococcus. These data are presented in Table IV. 

Discussion.—These eases illustrate three different conditions of the me- 
ninges. In the first patient the meninges were normal. The findings ecor- 
responded to those obtained in normal experimental animals, by intramuscular 
injection, bacitracin reaching the spinal fluid in very low concentrations. 

In the case of Harada’s disease, in spite of the mild meningeal irritation 
shown by an increase in the cell count in the spinal fluid, bacitracin, after 
intramuscular injection, reached the cerebrospinal fluid only in a concentration 
similar to that found in the ease with normal meninges. Even when the 
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TABLE IV. LEVEL OF BACITRACIN IN THE CEREBROSPINAL FLUID OF PATIENTS 
AFTER INTRAMUSCULAR INJECTION 








CEREBROSPINAL INTRAMUSCULAR CEREBROSPINAL 








STATUS OF FLUID CELL INJECTION FLUID LEVEL BLOOD LEVEL HOUR AFTER 
MENINGES COUNT (UNITS) (UNIT ) (UNIT ) INJECTION 
Normal 2 Bacitracin 0.024 0.5 2 
19,000 
Virus infection 172 Bacitracin 0.012 0.144 1 
(Harada’s 33,000 0.024 0.288 1 
disease ) 33,000 
Nocardia aster- 850 Bacitracin 
oides; men- 20,000 0.096* Not deter- = 
ingitis Penicillin mined 3 
300,000 





*Combined level of both antibictics. 


meninges were severely damaged by actinomyces, as in the third case, after the 
intramuscular injection of 20,000 units of bacitracin and 300,000 units of 
penicillin, the combined level of both antibiotics in the cerebrospinal fluid was 
only 0.096 unit per cubie centimeter. Clinical cases of pyogenic infection of 
the meninges were not available when this paper was undergoing preparation. 
However, the experiments just desciibed clearly suggest that the blood-brain 
barrier definitely may be breached when the meninges are more severely in- 
flamed, as in suppurative meningitis. 


EXPERIMENTAL STAPHYLOCOCCAL MENINGITIS IN DOGS 


Experimental Staphyloccal Meningitis Treated by Intracisternal and Intra- 
muscular Injections of Bacitracin Sixteen dogs of from 7 to 15.5 kilograms 
of body weight were used in these experiments in pairs, one treated and one 
used as a control. One-tenth cubie centimeter of an overnight culture of 
hemolytie Staphylococcus aureus was diluted in 3 ¢.c. of physiologic saline 





TABLE V. RESULTS OF EXPERIMENTAL STAPHYLOCOCCAL MENINGITIS IN DOGS PRODUCED 
BY INTRACISTERNAL INOCULATION OF 500 MILLION STAPHYLOCOCCI 











BACITRACIN TREATMENT 











EXPERI- | TIME RX | INTRACISTERNAL INTRAMUSCULAR RESULTS 
MENT | STARTED | DOSAGE | NO. IN- | DOSAGE | NO. IN- NONTREATED 
NUMBER | (IICURS) | (UNITS) | JECTIONS]| (UNITS) | JECTIONS| TREATED ANIMALS CONTROLS 
1 1% 4,000 1 10,000 3 Normal Fully para- 
lyzed* 
2 5) 6,000 3 15,000 8 Paralyzed t Paralyzedt 
3 2 6,000 3 20,000 7 Survived tran- Died 
siently paralyzed 6% hr. 
(hind legs) 
4 1% 6,000 2 20,000 6 Normal! Died 
10,000 1 5% hr. 
5 1% 6,000 1 20,000 4 Normal Died 
o7 hr. 
6 5 10,000 1 30,000 1 Died 
7% hr. Died} 
7 +t 10,000 1 50,000 g Died Died 
5 hr. 414 hr. 
8 3 10,000 1 10,000 ] Survived tran- Died 
20,000 8 siently paralyzed 4% hr. 


(hind legs) 





*Sacrificed when moribund on sixth day. 
*Sacrificed when moribund on seventh day. 
tDied with intramedullary hematoma (see text). 
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solution and injected into the cisterna magna of each animal after 2 to 3 ce. 
of the spinal fluid had been removed. The stock culture had been obtained from 
an infected finger of a patient who showed no evidence of septicemia or men- 
ingitis. The inoculum contained approximately 500 millions of the bacteria. 
The culture had been washed off a blood agar plate with 5 ¢.c. of normal saline 
solution and from this suspension 0.1 ¢.c. was further diluted to the afore- 
mentioned volume and injected into the cisterna magna of each animal. Eight 
animals received from 6,000 to 10,000 units of bacitracin by intracisternal ad- 
ministration and this was supplemented by intramuscular injections of from 
10,000 to 30,000 units every six hours. The intracisternal treatment was 
started one and one-half, two, three, four, or five hours after the subarachnoidal 
inoculation of the bacteria. The results are recorded in Table V. 


Fig. 1. 





Pig. 2. 


Fig. 1.—April 29, 1948. Treated animal, twenty-four hours after treatment, was normal, 
took food, played, and jumped around. Intracisternal treatment started one and one-half hours 


after the bacterial inoculation. 
Fig. 2.—April 2$, 1948. Control animal, twenty-four hours after the intracisternal in- 


oculation of staphylococci, was completely paralyzed. 

In the first pair of dogs, both animals developed symptoms and signs of 
meningitis one and one-half hours after the intracisternal inoculation. At that 
time, one was treated with an intracisternal injection of 6,000 units of bacitracin. 
Six hours later the control became fully paralyzed. The treated animal showed 
no signs of paralysis and was up and walking around ten hours Jater and made 
a complete recovery (see Fig. 1). In addition to the single intracisternal in- 
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jection, this animal received supplementary intramuscular injections of bacitra- 
cin of 10,000 units each every six hours for three doses. The paralyzed control 
animal developed rigidity of the neck and refused food or water (see Fig. 2). 
A eulture was taken by cisternal puncture on the second day. His condition 
steadily deteriorated and he was sacrificed on the sixth day. On necropsy, it 
was found that meningitis was localized in the basal part of the brain with a 
thick fibrinous exudate wrapped around the upper cervical cord, the medulla, 
the cerebellopontine angle, and the interpeduneular region. The lateral ven- 
tricles were dilated as a result of obstruction. The passage culture of staphy- 
lococecus was used in the next experiment. 

In the second experiment, both the control and the treated animals were 
paralyzed owing to the fact that treatment was delayed until five hours after 
the bacteria had been injected. Three intracisternal injections of bacitracin, 
of 6,000 units each every twelve hours, and eight intramuscular doses, of 15,000 
units every six hours, were given to the treated animal. Both dogs were in 
bad shape and were therefore sacrificed on the seventh day. More exudate 
was found in the ventral aspect of the pons, the cerebellopontine angle, and the 
interpeduncular regions of the control than in the treated animal. There was 
also a small localized abscess, 0.2 by 0.2 em., at the lower part of the left 
brachium conjunctivum of the control dog. 

At the time of the third experiment, the microorganism had increased in 
virulence. The control animals of the third and fourth experiments died six 
and one-half and five and one-half hours, respectively, after the inoculation. 
Intracisternal therapy was started two hours after the bacterial inoculation 
in the third and one and one-half hours in the fourth treated animal. Both 
animals survived the meningitis. The animal treated two hours after the in- 
jection of bacteria was transiently paralyzed. Paralysis was confined mainly 
to the hind legs and lasted eight days. The one treated one and one-half hours 
after the inoculation remained normal. Each animal received two to three 
intracisternal injections of 6,000 units of bacitracin and seven supplementary 
intramuscular injections each of 15,000 units every six hours. 

Of the fifth pair of animals, the treated dog was given 6,000 units of 
bacitracin intracisternally one and one-half hours after the bacterial inoculation. 
The animal survived and remained normal after it had received the one intra- 
cisternal injection and four intramuscular injections each of 20,000 units of 
bacitracin every six hours. The control dog died thirty-seven hours after 
inoculation. 

In the sixth experiment, an attempt was made to give treatment four hours 
after the intracisternal inoculation. However, the medulla was traumatized 
during the puncture because of the extreme rigidity and extension of the neck. 
The animal died from respiratory failure as a result of an intramedullary 
hematoma. The control animal was then treated five hours after the bacterial 
inoculation but it was already in a moribund condition. Ten thousand units 
of bacitracin were administered into the cisterna magna, supplemented with 
one injection of 30,000 units by the intramuscular route. This prolonged its 


life for only two hours. 
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The same experiment was repeated in the seventh pair of dogs. Four 
hours after the bacterial injection, both animals were in moribund condition. 
The control dog died one-half hour later. The treated dog was given 10,000 units 
of bacitracin intracisternally and one intramuscular injection of 30,000 units 
four hours after the inoculation but it died one hour later. 

An eighth pair of dogs was used in the next experiment in which treat- 
ment began three hours after the bacterial inoculation. The control animal 
died seven and one-half hours later and the treated one survived after transient 
paralysis of the hind legs which lasted for eight days. It received one intra- 
cisternal injection of 10,000 units of bacitracin and eight injections of 20,000 
units each every six hours by the intramuscular route. 

Blood cultures were taken three hours after the subarachnoidal inoculation 
of staphylococcal suspension in seven dogs and the organisms were recovered 
in five of them. 

Necropsy was performed and microscopic examinations of the brain and 
the meninges of the dogs that died or were sacrificed were made in most of the 
experiments. The meningeal and cortical vessels were hugely dilated and 
congested and purulent exudate filled the sulei of the brain. An abundant 
amount of exudate was found at the base, in the interpeduncular space, and 
the great cisterni. In two instances a small area of softening was found in 
the medulla. The subarachnoid space was packed with inflammatory cells. 

Experimental Staphylococcal Meningitis Treated by Intramuscular In- 
jections of Bacitracin Alone.—Six dogs were used in this study. Staphylococcal 
meningitis was produced in each dog by the same method as described previosuly. 
Two animals were used as controls and the other four were treated only by 
intramuscular injections of bacitracin one hour after the bacterial inoculation. 
The dosage was 25,000 units every six hours. All animals died. One control 
died five hours and the other ten hours after the intracisternal inoculation of 
staphylococci. The four treated animals succumbed between five to seven and 
one-half hours after the inoculation. 

Comment.—The culture of staphylococcus that was injected into the cisterna 
magna of the first pair of animals was obtained from an infected finger of a 
patient. After it had been passed into the cerebrospinal fluid of the third pair 
of animals, it acquired its high virulence which was able to produce a fulminative 
type of meningitis which killed all of the control animals. 

The rate of survival, paralysis, and death among the group treated with 
bacitracin varied inversely with the time when the intracisternal therapy began. 
The whole group constituted a mortality rate of 25 per cent. When treatment 
was started one and one-half hours after the bacterial inoculation, all dogs 
survived the meningitis and remained normal. The animals treated two to 
three hours later became transiently paralyzed. Sinee the contro] animals in 
these experiments usually died from four and one-half to ten hours after 
inoculation, if treatment was initiated four or five hours after inoculation, the 
animals were already in a moribund condition and treatment was found to be 
too late. In this last group of animals, there were two deaths and one animal 





became fully paralyzed. 
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These experiments indicate that treatment by the intramuscular injection 
of bacitracin alone is inadequate. Four dogs in this group all succumbed in 
spite of the fact that, in the presence of meningitis, bacitracin can pass into 
the cerebrospinal fluid in a considerably higher concentration than in the case 
of normal meninges. 

Intracisternal injection of 5,000 to 10,000 units of bacitracin in 3 ¢.c. of 
saline solution in the dog causes transient pleocytosis, fever, and neck rigidity. 
The neck rigidity usually lasts for three or four hours; the temperature rise of 
1 to 2° F. lasts for eight to twelve hours; and the cell increase returns to about 
normal after twelve hours. These effects leave no permanent damage, for after 
twelve hours the animals seem perfectly normal. Gross and microscopic studies 
have been made of the local reaction to bacitracin when injected in this con- 
centration. A full report will follow. Intracisternal puncture in the dog is 
easier than lumbar puncture. For man the latter procedure is safer and is 
advocated. After the withdrawal of 5 to 10 ¢.c. of spinal fluid, the same amount 
of bacitracin, containing 1,000 units per cubie centimeter, has been safely ad- 
ministered. By slow and eareful barbotage, it is well tolerated and undoubtedly 
reaches the cisterna and the meninges of the brain in therapeutic concentration. 

Pilcher and Meacham,’ in 1943, reported their studies with penicillin 
in experimental staphylococcal meningitis in dogs. They found that intravenous 
treatment was of no avail, but they were able to save a large preportion (46 per 
cent) by the daily injection of 50 Florey units into the cisterna magna, while 
only 7 per cent of the contral dogs survived. Nine of 16 animals survived in 
the group treated one hour after the bacterial inoculation while only 4 of 16 in 
the group treated one hour before the inoculation recovered. This discrepancy 
is probably explained by the rapid absorption of the preliminary dose of peni- 
cillin in the latter group. 

In the past, staphylococcal meningitis was almost always fatal until the 
discovery of the sulfonamides. A few recoveries were accredited to sulfathiazole 
and sulfadiazine.’*** Success with penicillin gave added hope that this grave 
picture might be altered. Our results suggest that still another effective agent 
is now available. The disease is usually acute and serious because of the low 
bactericidal quality of the cerebrospinal fluid, the ease of absorption of toxins 
by the exposed cortical blood vessels and their effect on the delicate nervous 
tissues, as well as the ease with which the exudate is formed with a tendency for 
the exudate to become lodged in the meshes of the subarachnoid space. The 
latter factor prevents the direct contact of the antibiotic with the causal micro- 
organisms and, in turn, it is responsible in large part, if not entirely, for the 
post-meningitie paralysis and convulsive seizures. It might be worth while to 
try to give heparin intracisternally together with the antibiotic to see if by this 
combination a better result can be achieved. 


SUMMARY 


By intravenous or intramuscular injections, bacitracin does not readily pass 
through the normal blood-brain barrier and reaches the cerebrospinal fluid only 
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in an insignificant concentration. However, when the meninges are severely 
inflamed, as in the case of staphylococeal meningitis, a considerably higher level 
of bacitracin can be obtained in the cerebrospinal fluid. 

In experimental staphylococcal meningitis in dogs, intracisternal instillation 
of bacitracin, combined with intramuscular injections, saved 63 per cent of the 
treated group. Deaths occurred solely in animals in which treatment was started 
late. The control animals all died, including the first two which were killed, 
when moribund, in order to stop further suffering. 

Treatment by intramuscular injections of bacitracin alone was inadequate. 
Four dogs so treated all died within seven and one-half hours after the intra- 
cisternal bacterial inoculation. 

In view of the data presented here, it is suggested that the intrathecal 
injection of bacitracin may be of value and should be tried in eases of clinical 
staphylococcal meningitis. 


The authors wish to express their appreciation to Mrs. Florence Levin for her technical 
assistance in the titrations of the spinal fluid and to Miss Balbina Johnson for supplying the 


staphylococeal cultures. 
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CANCER OF THE BREAST IN ADVANCED AGE GROUPS 
BENJAMIN F.. Byrp, Jr., M.D., NASHVILLE, TENN. 
(From the Department of Surgery, Vanderbilt University Hospital) 


HE great mass of information which has been published on the subject of 

breast cancer in recent years has covered the problem as a single entity. 
The treatment and the results of treatment have been given in the population 
as a whole, but now enough study has been devoted to the subject to warrant a 
division of the results and treatment, particularly as they affect various age 
groups. This is especially true of patients with such tumors found in the ad- 
vanced age groups considered here. The population of the United States of 
America in 1950 is expected to be over 150 millions. Of this number 414 per 
cent or over 734 millions will be 70 or more years of age. These people con- 
stitute such an appreciable proportion of our population that their diseases and 
the treatment of these diseases must be separately considered. The fact is that 
they offer the physician an opportunity to give a comfortable realization of ex- 
pected life span or even in a considerable number to prolong their years beyond 
the expected span. 

In 1943" it was reported that 10 per cent of the cases of cancer of the 
breast occurred in patients 70 or more years of age. In Vanderbilt University 
Hospital 11.3 per cent (twenty-two cases) of patients with cancer of the breast 
seen from 1925 to 1948 have been in these advanced age groups. As a result 
of the fixed or diminishing birth rate and the increase in life expectancy this 
percentage may be expected to increase with the shift in the relative numbers 
of our population in the different age groups, and the actual number of such 
patients in these older age groups will become steadily greater. 

This group of twenty-two patients included all such seen in the outpatient 
department, on the wards, and on the private pavilions. These patients were 
all women and were treated, with one exception, by some form of surgical ex- 
tirpation of the mammary gland. The exception was a woman admitted to the 
medical service in coma, with a diagnosis of bronchopneumonia, who expired 
on the second hospital day. In other surgical centers as high as 331% per cent 
of the patients with breast cancer in these top age groups have failed to come 
to surgery for various reasons.° Among such reasons have been given ‘‘too old,”’ 
and ‘‘inoperable tumor.’’ In our group of patients (Table I) 57.1 per cent were 
diagnosed preoperatively as having hypertensive cardiovascular disease and 
an additional 28.6 per cent had arteriosclerotic heart disease of varying severity. 
Only two of our patients were free from some complication adding to the risk 
of anesthesia and operative procedure. While such a series does not represent 
a group selected for optimal results, we have had neither operative fatalities nor 
hospital deaths in the patients who came to operation. 

The operation performed in these patients was designed for one of two 
purposes, either to effect a cure of the breast cancer, or to palliate the disease 
by removal of ulceration. The radical procedures which were done were always 
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TABLE I 














NUMBER PER CENT 
Hypertensive cardiovascular disease 12 57.1 
Arteriosclerotic heart disease 6 28.6 
Severe pulmonary emphysema 1 4.8 
None 2 9.5 
Total 21 100.0 





in an attempt at complete cure. This procedure? consisted of the removal, by 
sharp dissection from the midline anteriorly to the latissimus dorsi posteriorly, 
of the pectoral muscles and axillary contents up to the level of the axillary vein, 
and of an area of overlying skin usually requiring a graft to close the defect. 
Simple mastectomy was done either as a curative or a palliative measure and 
comprised a removal of the mammary gland and overlying skin, the pectoral 
fascia, and in some instances the contents of the lower axilla. Our total number 
of patients was, therefore, divided into two great groups (Table II) according 
to the operative technique employed, and subdivided by the presence or absence 
of metastases. 

Simple mastectomy was carried out in 71.4 per cent of our patients. In 
only two instances was ether employed as anesthetic agent, and in one ease 
Pentothal, augmented by nitrous oxide and oxygen, was used. Of the remain- 
ing twelve patients, four had nitrous oxide-oxygen alone, and eight had a local 
infiltration Novoeain anesthetic, supplemented in a few instances by nitrous 
oxide-oxygen analgesia. It is generally accepted'*:'* that these latter two 
agents are the safest in the advanced age groups, and that they lessen post- 
operative complications as well as operative mortality. In all the radical mast- 
ectomies (28.6 per cent) nitrous oxide-oxygen ether was the anesthetic of choice. 
The local infiltration technique, especially when augmented by nitrous oxide- 
oxygen analgesia, was readily amenable to the less extensive simple mastectomy, 
but a deeper plane of general anesthesia was required for the more complicated 
‘adical dissection of breast and axillary contents. 


TABLE II. OPERATED CASES 

















‘SIMPLE (71.4%) RADICAL (28.6%) TOTAL (100%) 
WITH =| WITHOUT WITH WITHOUT WITH WITHOUT 
METAS- METAS- METAS- METAS- METAS- METAS- 
TASIS TASIS TASIS TASIS TASIS TASIS 
Number 6 9 2 4 8 13 
Life expectancy (years) 8.35 8.37 10.50 10.35 8.89 8.98 
Life realization (years) 6.10 8.61 8.66 9.91 6.74 8.93 





The average age of the patients in our entire group (Table II) was 73.4 
vears. The life expectaney of the female portion of the general population 
group at this same age was 8.69 years. That section of our group which was 
submitted to radical operation had an average age of 70 years and a life ex- 
pectaney of 10.35 years at the time of operation. Those members of this section 
who had no clinical or microscopic evidence of metastases at operation have 
realized, or now look forward to, a life realization of 9.91 years. The group 
with simple mastectomies had an average age of 74.1 years at operation with a 
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life expectancy of 8.35 years. Those members of this latter group (60 per cent), 
who had no evidence of clinical metastases at the time of operation, now have an 
adjusted* life realization of 8.61 years. Thus their life realization is .26 years 
more than their life expectancy at operation. 
SUMMARY 
1. A review of the increasing importance of surgery in advanced age groups 
(69+ years) is presented. 
2. A survey is given of twenty-two patients in these age groups with breast 
cancer seen at Vanderbilt University Hospital. 
3. The result on life realization of the treatment of these patients is given. 
CONCLUSIONS 
In view of the increasing number of patients with cancer of the breast in 
the advanced age groups, special consideration of this problem must be taken. 
It seems that simple mastectomy offers these people a comfortable realization of 
life expectancy and a safer, more conservative management of their disease. 
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RECONSTRUCTION OF THE FEMORAL ARTERY FOR 
ARTERIOSCLEROTIC THROMBOSIS 


WituiAM D. Hotpen, M.D., CLEVELAND, OHIO 


(From the Department of Surgery, Western Reserve University and the Surgical Service of 
University Hospitals) 


HE operation to be described in this report has been performed success- 

fully on one patient. It may appear premature to record such an isolated 
experience. The fact that the procedure has been successful, however, has en- 
couraged us to hope that modifications and extensions of the operation and its 
utilization by others may be of some benefit to patients suffering from severe 
arteriosclerosis obliterans of the lower extremities. 

The successful treatment of all degenerative diseases to which man is 
subject is still in the future, and will not be attained until the etiologies of 
these diseases are clearly comprehended. Peripheral atheromatosis is no 
exception. Conservative measures that attempt to permit an increased flow 
of blood into the distal portion of a lower extremity may partially ameliorate 
symptoms referable to ischemia, but for the most part they are all palliative 
in character. The paralysis or operative removal of sympathetic vasomotor 
nerves to the lower extremity in selected patients is of unquestioned value. 
Not every patient suffering from arteriosclerotic ischemia can be offered 
lumbar sympathectomy. In general, the more severe and extensive the 
ischemia resulting from’ thrombotic occlusion, the-less likely an extremity is to 
benefit from removal of its vasomotor tone. Indeed, it is known that the ill- 
advised elimination of vasomotor tonus in severe ischemia may actually ac- 
celerate or precipitate necrosis.! 

Arteriosclerosis of vessels of the lower extremity is likely to involve 
initially the lower half of the superficial femoral artery.? Intimal lesions are 
commonly found at this site and occlusion frequently first occurs here. 1 
thought that in some individuals presenting clinical evidence of thrombosis 
of this portion of the femoral artery, a segmental area of obstruction could 
be demonstrated arteriographically and that such a segment could be re- 
sected and replaced with a venous graft. 


CASE REPORT 


History.—E. W. was admitted to University Hospitals on Dec. 7, 1948, complaining of 
pain and swelling of the left foot of four months’ duration. He had had seven previous 
admissions to the same hospital. 

He was first admitted on April 10, 1943, at the age of 43 years. There had been pain 
and swelling of the right great toe for one month. It had been incised and drained before 
admission but the pain and swelling had not subsided. A diagnosis of cellulitis of the right 
great toe was made. Dorsalis pedis pulsations were weak bilaterally and oscillometric tracings 
showed an index’ of 0.2 on the left and 0.4 on the right (normal greater than 1.0). <A fasting 
blood sugar was 283 mg. per 100 ml., and an electrocardiogram showed abnormal left axis 





Received for publication, May 2, 1949. 


417 








418 HOLDEN March 1956 


deviation. A small polyp of the rectum was visualized proctoscopically. The cellulitis re- 
sponded to hot sterile saline dressings. Final diagnoses of cellulitis of the right great toe, 
diabetes mellitus, rectal polyp, and peripheral arteriosclerosis were made. 

The patient was readmitted twice in 1945 with a pyogenic lymphadenitis of the neck. 
On both occasions, an abscess formed and was drained surgically. A positive Kline test 
was discovered and antisyphilitic therapy commenced. 

He was readmitted Dec. 17, 1946, for osteomyelitis of the phalanges of the left fifth toe 
and the distal portion of the left fifth metatarsal. This part of the metatarsal and the fifth 
toe were excised on Dec. 19, 1946, and a successful secondary closure was performed on 
Jan. 18, 1947. 

During 1947, he had three admissions for ischemic pain in the right foot. During 
these admissions, it was observed that no pulsations could be palpated distal to the femoral 
artery in either leg and that no oscillometric pulsations could be recorded in either calf. He 
was given paravertebral injections of 1 per cent procaine hydrochloride in the region of the 
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Fiz. 1, A and B.—Oscillometric tracings of the left ankle and wrist taken on Oct. 13, 1947. 


third lumbar sympathetic ganglia and intravenous tetraethylammonium chloride without any 
evidence of peripheral vasodilatation. On Dee. 11, 1947, a right supracondylar amputation 
was performed for arteriosclerotic ischemic necrosis of the right foot. 

On Nov. 1, 1948, he was readmitted complaining of swelling and tingling of the distal 
portion of the left foot and moderately severe constant pain in the left heel of three months’ 
duration. Unsuccessful attempts were again made to produce vasodilatation with a para- 
vertebral procaine injection, and he was discharged. 

The last admission was on Dec. 7, 1948. Complaints were the same as on the previous 
admission except that the intensity of pain in the left foot had increased. 

Examination showed the temperature to be 37.6° C., pulse 96, respirations 18, and blood 
pressure 152 systolic and 90 diastolic. Retinal arteries showed tortuosity. The heart was 
slightly enlarged to the left. A soft diastolic murmur was audible in the third left inter- 
space and a soft systolic murmur at the apex. Abdominal examination was negative. The 
left lower extremity showed the fifth toe to be absent, the fourth to be necrotic, and the third 
to have an ischemic ulcer on the lateral aspect. A 2 plus pitting edema was present on the 
dorsum of the foot. The leg was cool from the midealf distally. The skin was dry and shiny, 
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and no hair was present. There was marked hyperesthesia throughout the foot except for 
the third and fourth toes, which were anesthetic. The femoral pulse was palpable just 
distal to the inguinal ligament. No other pulsations could be felt. Vibratory sense was 
diminished in the left foot and no deep reflexes could be elicited in this extremity. 
Urinalysis showed a 2 plus albumin and 4 plus sugar. Microscopic examination was 
negative. The blood hemoglobin was 70 per cent, and the white blood cell count, 11,400. 
Blood urea nitrogen was 15 mg. per 100 ml. Prothrombin content of the blood was 87 per 
eent of normal. The Kline test was negative. Urea clearances were 34.5 ml. per minute 
and 46.0 ml. per minute, or 64 per cent and 61 per cent, respectively. An electrocardiogram 





Fig. 2.—Arteriogram, left femoral, Dec. 13, 1948. 


demonstrated abnormal left axis deviation, small R waves, and tall T waves in V, to V, 
Oscillometric readings showed no activity in the left calf or lower thigh. Previous tracings 
are shown in Fig. 1. 

The diabetes mellitus was controlled with insulin and diet, and on Dee. 13, 1948, 
arteriograms were performed by injecting 20 ml. of diiodo-pyridone-acetic acid diethanolamine 
(Diodrast 35 per cent) into the common femoral artery with proximal digital occlusion (Fig. 
2). The radiographic appearance of the artery demonstrated a segment of occlusion 8 to 
10 em. in length in the lower third. On Dee. 15, 1948, Dicumarol administration was in- 


stituted. 
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Fig. 3, A and B.—Oscillometric tracings of the left wrist, thigh, and calf taken on Jan. 25, 1949. 





Fig. 4.—Arteriogram, left femoral, Jan. 20, 1949. 
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Operation.—On Dec. 16, 1948, the patient was operated upon, nitrous-oxide-ether anes- 
thesia being used. The left lower extremity was externally rotated to present the 
medial aspect of the thigh. An incision paralleling the course of the superficial femoral vessels 
was made from the upper third of the thigh to the popliteal space. Hunter’s canal was 
opened throughout the length of the incision and the femoral artery and vein were separated. 
Excellent pulsations in the artery could be visualized down to the area of occlusion demon- 
strated in the arteriogram. From this point distally the artery was firm and reduced in 
caliber for approximately 10 to 12 em. Four to five centimeters above the bifurcation of the 
popliteal artery, the vessel was soft and pliable. The occluded portion of the artery was 
resected after bulldog clamps were gently applied proximally and distally; and although 
the ends showed some evidence of arteriosclerosis, it was thought that they were sufficiently 
healthy to receive sutures. The diameter of the artery was more nearly that of the saphenous 
than the superficial femoral vein, so a 15 em. section of the saphenous vein was excised, 
reversed, and sutured in place of the resected femoral artery. Interrupted everting sutures of 
arterial silk were used. Following removal of the bulldog clamps, there was leaking from 
each end which ceased after the insertion of one additional suture. Fifty milligrams of 
heparin were injected into the superficial femoral artery proximal to the site of anastomosis. 
The fascia, subcutaneous tissues, and skin were closed with interrupted 000 silk sutures. Five 
hundred milliliters of blood were given during the operation. 

Postoperative Course.—The postoperative course was uneventful. Heparin in doses of 
50 mg. was administered intravenously every four hours for forty-eight hours. Dicumarol was 
given orally, and on the second postoperative day the prothrombin level was 22.5 per cent. 
The level was maintained below 30 per cent for twenty-six days. Upon recovery from the 
anesthesia, the patient had no pain in the foot, and this state persisted for four and one-half 
months. Skin temperature changes are shown in Table I. The foot became warm except for 
the necrotic third and fourth toes, which were excised. The wound was left open and 
uneventful healing with healthy granulation tissue and spontaneous epithelization occurred. 
Oscillometriec tracings taken on Jan. 25, 1949, are shown in Fig. 3. On Jan. 20, 1949, 
arteriograms were repeated and showed a satisfactorily functioning graft (Fig. 4). A 
microscopic section of the segment of artery removed showed complete thrombosis with 
small areas of recanalization. The wall of the artery was the seat of severe arteriosclerosis. 


TABLE I. SKIN TEMPERATURES OF THE LOWER EXTREMITY 

















TEMPERATURE | FIRST POSTOPERATIVE FOURTH POSTOPERATIVE 
( ’ co. PREOPERATIVE DAY DAY 
Room 25.9 24.5 25.5 
Calf 33.6 35.0 35.7 
Foot 32.9 33.8 35.0 
Toe 30.0 32.0 34.4 





DISCUSSION 


The operation performed on this patient may be effective in maintaining 
the viability and usefulness of the lower extremity for three months or longer. 
It is very likely that other portions of the superficial femoral or popliteal 
arteries will gradually undergo thrombosis. The fact that for four and one-half 
months this patient has been free of pain and has demonstrated obvious signs of 
increased blood flow has encouraged a report of this experience and a hope that 
similar attempts will be made by others. It may appear to be a radical form of 
therapy, but amputation of the lower extremity in a patient under 50 years of 
age is also radical. A procedure of this nature, of necessity, must first be 
attempted on patients who are candidates for a thigh amputation. The 
severity and extent of the arteriosclerosis in such patients will naturally limit 
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the efficacy of the operation. If successful outcomes can be obtained in these 
patients with advanced arteriosclerosis, femoral arteries that are the site of 
no more than moderate disease may be resected with anticipation of greater 
henefit. 

It is well known that arteriectomy alone may benefit many patients who 
have suffered arterial occlusion. This patient had undergone repeated at- 
tempts to produce vasodilatation without suecess. The postoperative arterio- 
gram indicated an excellent flow of contrast material into the popliteal artery, 
as well as a marked reduction in the quantity of contrast material carried 
by the small collaterals evident in the preoperative arteriogram. These two 
observations indicate that the marked increase of blood flow in the distal 
portion of the extremity is due to the functioning graft and not the arteriec- 
tomy. 
Any operation wherein attempts are made to suture arteriosclerotic 
arteries is always difficult because of the friable arterial wall. In any such 
procedure, it is of the utmost importance to cut the arteries sharply and to 
traumatize them as little as possible. The intima should not be touched. 
When placing sutures in the wall of the artery, only the adventitia should be 
seized with the finest forceps. Needles should be inserted cleanly and sutures 
In peripheral arterial surgery, a continuous everting suture 


tied securely. 
In this in- 


is usually desirable for anastomosis or closure of arteriotomies. 
stanee, the danger of constricting the site of anastomosis is large enough to 
warrant using interrupted everting sutures. To minimize postoperative 
thrombosis at the site of the anastomoses, an intensive course of anticoagulants 
is necessary. Heparin should be administered on the operating table into 
the femoral artery proximal to the anastomosis. 

There are many factors which may jeopardize the success of this proce- 
dure, and it is to be hoped that with patience and application they may be 
eliminated. 
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ACUTE TORSION OF THE GALL BLADDER 
Morpant E. Peck, M.D., ANp JOHN J. FEEHAN, JR., M.D., DENVER, COLO. 


(From the Department of Surgery of the University of Colorado School of Medicine and 
Denver General Hospital) 


HERE are a few unusual cases which it seems worth while to add to the 

accumulating literature, together with a very short résumé of our knowledge 
relative to the particular subject. Such is the purpose of this presentation of 
a single patient having acute torsion of the gall bladder. 

The first reported case of this condition was by Wendel in 1898, the pa- 
tient being a 23-year-old girl. Sinee then, there have been a total of 77 re- 
ported eases of which approximately 92 per cent have occurred in women, the 
majority of whom were between 60 and 80 years of age. The embryologie 
background for this anomalous condition was adequately reviewed by Meeker 
and Lisenby in 1932. Numerous subsequent reports have referred to their ex- 
cellent review of this subject. 

It may briefly be stated that there are five possible anatomic arrange- 
ments of the gall bladder of which only one can be considered definitely re- 
lated to the occurrence of acute torsion. These positions of the gall bladder 
may be enumerated as follows: 


1. The gall bladder may be embedded in the liver tissue. 

2. It may be closely attached to the undersurface of the liver with 
no intervening layer of connective tissue. 

3. The fundus of the gall bladder may be surrounded by peritoneum 
while the portion adjacent to the liver bed remains attached to 
this organ by an intervening layer of connective tissue (normal 
anatomie arrangement). 

4. The gall bladder may be completely surrounded by peritoneum 
and attached to the liver by a mesentery consisting of two layers 
of peritoneum. 

5. The gall bladder may be completely surrounded by peritoneum and 
lie free in the abdominal cavity except for its attachment along 
the course of the cystic duct and eystie artery. It is this latter 
arrangement which is necessary for the development of an acute 
torsion of the gal] bladder. 


The physiologic explanation for the torsion is not altogether clearly un- 
derstood. The majority of these patients do not have evidence of long-stand- 
ing gall bladder pathology. In only a few has cholelithiasis been a feature. 
It has been postulated that the rotation is associated with the normal peristal- 
tie rush of the large bowel. In such instanees, the gall bladder would rotate 
counterclockwise if it lay anterior to the hepatic flexure. On the other hand, 
if it were falling dependent into the subhepatic area, peristaltic movement 
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in the hepatic flexure would create a clockwise rotation. This problem is in- 
teresting for the purpose of speculation but is of relatively little consequence. 
It has been thought that the surgical emergency associated with the process 
of torsion is more infrequently encountered in the younger individuals be- 
cause of the greater elasticity of the tissues and, hence, the tendency for the 
gall bladder to revert to its normal position. 


CASE REPORT 


This patient is an 81-year-old white woman who was admitted to Denver General Hos- 
pital with the chief complaint of severe right lower quadrant abdominal pain for twenty- 
seven hours. 

Illness at Time of Admission.—The patient had apparently been well in all respects 
until 5 p.M. of the day prior to admission. She stated that while eating her evening meal she 
suddenly experienced a sharp coliclike pain in the right lower quadrant. This pain persisted 
and, on occasion, radiated into the back and up and down the spine. She consequently un- 
dressed and went to bed, whereupon the pain seemed to be eased by the prone position. Move- 
ment in bed, nevertheless, seemed to aggravate the complaint. About three hours after the 
onset, the patient vomited undigested food and, subsequently, she felt some better. During 
the next twelve hours, she continued to vomit on several occasions. The following day she 
had no appetite and apparently passed no flatus. On the day of onset of the illness, she had 
experienced two to three bowel movements, which was unusual for her. There had been no 
other symptoms referable to the present illness. 

Family History—The family history was noncontributory. 

Past History.—This patient had apparently always been in good health. She had 
never experienced any previous episodes of abdominal pain, certainly none similar to the pres- 
ent complaints. Her system review revealed nothing that could be considered abnormal. 

Physical Examination.—Temperature was 99.4° F., pulse 84, respirations were 24, blood 
pressure was 124/76. The patient was a well-developed white woman who looked considerably 
younger than her given age. She appeared to be in acute distress with pain referable to the 
right lower quadrant. Her skin was somewhat dry but, otherwise, not remarkable. There was 
no evidence of jaundice. The trachea was in the midline. The chest expanded equally. Per- 
cussion was resonant throughout both lung fields. There were a few rales audible in both 
bases. The heart was not enlarged; the rate and rhythm were regular. The heart sounds 
were normal in quality, and no murmurs were audible. The abdomen was rigid throughout, 
with most marked tenderness to palpation in the right lower quadrant and in the midepi- 
gastric area. No bowel tones were audible. Pelvic and rectal examinations were done but 
did not add any information, other than to confirm the evidence of marked peritoneal irrita- 
tion. The remainder of the physical examination was within normal limits. 

Laboratory Findings.—Blood count revealed 5,050,000 red blood cells, hemoglobin, 13 
Gm., white blood cells 22,600 (polymorphonuclears 82, nonsegmentals 17, lymphocytes 8). 
Urinalysis gave a neutral reaction, specific gravity 1.007, trace of albumin, sugar 1+, 0-2 
hyaline casts per high-power field, 2-3 pus cells per high-power field, 5-10 red cells per high- 
power field. 

X-ray Examination.—The flat plate of the abdomen revealed no evidence of free air in 
the peritoneal cavity. 

Operation.—The admitting diagnosis of acute appendicitis was made on this patient. She 
was given 1,000 ec.c. of 5 per cent glucose in water intravenously and taken to the operating 
room where an exploratory laparotomy was performed, On opening the peritoneal cavity, a 
moderate amount of reddish-brown purulent material was observed. Cultures of this fluid 
subsequently failed to grow any organisms. There was no evidence of any organic pathology 
in the appendical or cecal areas. There was no evidence of any diverticula. The gall bladder 
was observed to be very markedly distended. It lay free within the peritoneal cavity, being 
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attached to the liver margin only by a small pedicle composed of the cystic duct and cystic 
artery with an enveloping layer of peritoneum. The gall bladder was rotated one time in 
clockwise direction upon this pedicle. The wall of the gall bladder was acutely inflamed 
and was surrounded by numerous soft adhesions. It was very dark and had obviously con- 
siderable impairment of its circulation. Areas of the serosa, measuring about 1 em. in di- 
ameter, appeared to be gangrenous. The cystic duct and cystic artery were easily isolated 
so that removal of the gall bladder was a simple matter. The abdomen was then closed 
with drainage to the gall bladder region. 

Pathologic Report——The specimen was a gall bladder measuring approximately 10 by 7 
by 2 em. unopened. It had a hemorrhagic and discolored surface. When opened, it contained 
a bloody mucoid fluid. The dilated portion was found to represent the proximal part of the 
gall bladder while the distal half was folded back upon itself so that the extreme tip lay at 
the level of the cystic duct. The tissue lying between these two structures was edematous 
and hemorrhagic. The mucosa was bile stained and coarsely granular. 

Sections from the gall bladder showed the wall to be almost completely necrotic so that 
very little structure could be identified. Here-and there, clumps of bacteria were seen. Tis- 
sue from the neck of the gall bladder showed no evidence of thrombi in the large vessels. 
Diagnosis was gangrene of the gall bladder. 

Postoperative Course.—The patient’s postoperative convalescence was uneventful. She 
was discharged from the hospital on the twenty-first postoperative day, having apparently 
made a complete recovery. 

DISCUSSION 

Numerous attempts have been made in the various case reports to cor- 
relate the clinical findings of patients with acute torsion of the gall bladder, 
on the presumption that preoperative diagnosis can be established. Most of 
the ease reports in the literature have given a story consistent with an acute 
episode of cholecystitis. On occasion the mistaken diagnosis of appendicitis 
has been made. We are unable to find any significant features either in this 
ease report or in the case reports found in the liaterature which would give 
substantiating evidence for a preoperative diagnosis of acute torsion of the 
gall bladder. 

It is primarily essential that the doctor observing such a case recognize 
that the individual has an acute surgical abdomen. Awareness of the pa- 
tient’s condition from this standpoint will most certainly save the lives of the 
rast majority of patients with torsion of the gall bladder. The operative 
treatment of such patients is obviously that of cholecystectomy, the only 
danger being that the general laxity of the structures in the region of the 
bile duets makes it necessary for one to be extremely cautious in identifying 
the cystic and common ducts before applying a clamp to the gall bladder 
pedicle. A case report of a fatal outcome because of knuckling the common 
bile duct has oeceurred in the literature. The recognition of an acute surgical 
abdomen together with intelligent surgery and good pre- and postoperative 
eare, relative to the hydration of the individual, should certainly result in a 
mortality rate of far less than the 16 per cent mentioned by Arthur (1937). 


SUMMARY 


The seventy-eighth case of torsion of the gall bladder has been presented. 
The salient features with regard to care of a patient with this condition re- 
volve around the recognition of an acute surgical abdominal emergency, 
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adequate pre- and postoperative care, and cholecystectomy. The condition is 
secondary to an unusual anatomic anomaly in which there is complete perito- 
nization of the gall bladder, the organ lying free in the peritoneal cavity. This 
condition seems to be more common in elderly and healthy visceroptotic women. 
The diagnosis might be suspected, but certainly demands surgical intervention 
for diagnosis and adequate treatment. 
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COLLES FRACTURE—CAUSATIVE MECHANISM 
Rusin M. Lewis, M.D.,* PHmapevpuia, Pa. 


HE most common fracture of the radius and one of the most common of 

all fractures occurs in the lower fifth of the radius. The etiology of this 
fracture has been given variously by many observers. Abraham Colles,’ who 
first described the fracture in 1813, said that although this was one of the com- 
monest of all fractures, he could not say why it occurred where it did. He 
knew it was always associated with a fall from a height. 

Present-day surgical texts and fracture treatises account for the develop- 
ment of Colles fractures by (a) ‘‘a fall on the hand,’’ (b) ‘‘a fall on the out- 
stretched hand,’’ (c) ‘‘a fall on the extended hand.’’ ‘‘The foree of the fall 
drives the lower fragment upwards and backwards. This latter action is aided 
by muscle pull and sometimes the fragments become impacted.’’* * 4 

No reference was found in literature of experimental reproduction of the 
fracture. 

Several years ago I had occasion to study a large series of Colles frac- 
tures. It was during this time that I was impressed with certain constant de- 
formity characteristics. These characteristics were such that a single caus- 
ative mechanism was suggested by them. Certain exactly similar structural 
changes took place in all of these fractures. Such similarities could only re- 
sult from like action of applied forces. 

When a person begins to fall a series of events transpires in very rapid 
succession. It was by trying to place these events in a chronological sequence 
that the mechanism of the fracture was eventually solved. The proof of the 
solution was experimental reproduction of the fracture. 

To say that observation of x-ray films and the study of the patients was 
the entire basis of my curiosity would be only partly complete. 

In medical school one of our lecturers spent a considerable amount of time 
on the etiology of Colles fracture. He was certain that it was caused by a 
fall on the hand but he could not reproduce it. He tried striking the head of 
the humerus with a sledge hammer; the force directed axially through the ex- 
tended elbow onto the extended hand. He succeeded in producing a fracture 
at the lower end of the radius, but unfortunately it did not have the charac- 
teristics of the fracture he was trying to reproduce. 

At that time, I was impressed with the idea of using a sledge hammer to 
reproduce a fracture which is actually produced one-handed (unless it is bi- 
lateral) and is produced without a hammer or any other instrument. The only 
forees available in the production of a simple Colles fracture are those forces 
the individual can muster by his weight, velocity, and position in space. That 
this fracture is the result of a fall is certainly a truism since almost all Colles 
fractures result from falls. The solution of the problem should be more de- 
tailed than merely admitting applied forees acting as a result of a fall. It 
is important to know where and how these forces are applied. 

Received for publication, March 3, 1949. 
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Many years ago at a picnic I saw a Colles fracture being generated. Sev- 
eral lads lined up for the short dash. The gun sounded and they were off. At 
the finish, one of the lads apparently tripped. He rolled forward as in a 
tumbling somersault and came up on his feet. As he did so, he was holding his 
right wrist with his left hand. He was suffering pain. He had a Colles frae- 
ture. 

The action was over in the twinkle of an eye. I am sure no one present, 
including the victim, could give a complete description of the events that 
transpired from the beginning of the fall to the completion of the act. The 
elapsed time was notably less than one-half second. A stroboscopic camera 
could have easily answered the question of etiology. However, time was per- 
haps twenty-five years early and the place a bit remote for such equipment. 

I did not realize the impression that picture made upon my memory. How- 
ever, in the years subsequent to that accident, those events have flashed on 
my consciousness many times. I think that now I can place the events of that 
fall in their chronological order and end up with a Colles fracture. 

My interest in the mechanism of this fracture is not mere academic ration- 
alization. It is hoped that by better understanding the causative mechanism 
an improvement in treatment methods and ultimate improvement in end re- 
sults may be expected. The high percentage of disability should be reduced.’ 

A study of many fracture x-ray films showed certain constant deformities. 
To be specific, all Colles fractures show a crush deformity in the bone on the 
dorsum of the radium; all show a tension or tear deformity on the volar sur- 
face. The exception to this is found in incomplete fractures where there is no 
tear defect on the volar surface. This exception and also the greater deform- 
ities that exist in some fractures are dependent upon the acting force which 
causes the fracture and not upon differently acting forces. Since the deformities 
in these fractures were constant, the inference is that the fracturing force was 
always similarly applied, and the deformity proportional to the energy utilized 
or the work done. 

The radius is the only forearm bone in the wrist joint. We must examine 
the ligaments and the articulation surfaces which make up the wrist joint. 

When the hand is extended at the wrist the radiocarpal ligaments be- 
come taut and the articulating surface of the carpus is pressed against the ar- 
ticulating surface of the radius. As extension increases, the tension and com- 
pression loads also increase. Tension is carried by the volar radioearpal liga- 
ments and compression by the hand and carpal bones through the lunate and 
navicular against the radius at the radiocarpal articulation. When extension 
of the wrist joint is continued, the load in tension on the radioearpal liga- 
ments and the compression load on the radioearpal joint are increased. When 
the load is increased beyond the resisting forces, a deformity develops. This 
deformity may be a tear in the tension-resisting structure, or a crushing of 
the compression-resisting structures, or both. The actual site of the deformity 
is dependent upon the weakest point. 

Obviously, the weak point is predetermined. The fracture occurs in the 
lower fifth of the radius; that we know. We must explain this phenomenon. 
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ANALYSIS OF THE FALL 


The fall on the hand or the fall on the extended hand eannot account 
for the fracture for, if it did, all or many gymnasts would be constantly suf- 
fering from Colles fractures after turning handsprings. Something must be 
added. 

We know that people who develop Colles fractures do not have abrasions 
of the palm of the hand. Abrasion of the palm would mean that after strik- 
ing the floor, the pavement, or the earth the hand had slipped or skidded. 
With no evidence of skin abrasion of the palm, we can safely presume that 
the palm of the hand remained in the position that it struek the floor. 

Presuming that the hand and the floor remained in contact, the wrist 
could easily be hyperextended by the movement of the forearm. If the hand 
remains fixed in relation to the floor, the patient either stands on his hand or 
he falls to the floor. This fall may be forward to hyperextend the wrist or it 
may be sideways and away from the hand. If he falls forward, he will fall 
over his hand and the forward motion will result in hyperextension of the 
wrist because the elbow will be pulled cireumferentially around the wrist 
joint with the forearm acting as the spoke of a wheel or the radius of a cirele. 

To eapitulate, a person is walking or running, trips or loses his balance; 
he begins to fall. Automatically, his hands go out to break the fall and one 
or both hands strike the ground. The hand remains fixed but the body has 
motion and velocity which represent kinetic energy. This kinetic energy car- 
ries the body in the direction of motion and results in hyperextension of the 
wrist if the fingers are pointing in the direction of the body motion. 

Analysis of the foregoing statement resulted in the inference that the 
radius acts as a cantilever beam and the result of overloading is a fracture of 
this beam (radius) at its fixation plane just as a cantilever beam breaks when 
it is loaded beyond its resisting strength (elastic limit). 

Fig. 1 shows a sketch of the radius in the position assumed to exist at the 
time of loading. It also shows a eantilever beam similarly loaded. When 
the wrist joint is extended by the force of the body motion, the radioearpal 
ligaments become tight but apparently are strong enough to resist the load. 
These ligaments transfer the load to the radioearpal joint through ecompres- 
sion loading of the lunate and navicular bones. In compression, these bones 
are likewise strong enough to resist the load so they do not crush. The load 
is transferred to the radius at the plane designated in the sketch as the fixation 
plane. The radius is thus loaded as a cantilever beam. The dorsal part of the 
bone earries the compression load and the volar part of the bone earries the 
tension load. 

As the load increases, hyperextension increases and the radius begins to 
crush on the dorsum and tear on the volar surface. 

Shear.—It is necessary to digress from this line of reasoning at this point 
to eliminate shearing force as a causative agent in the production of this frac- 
ture. Most of the writers on this subject have either directly or indirectly 
suggested that the fracturing force causes a shearing of the bone to separate 
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the fragments so that the lower fragment may be driven upward and back- 
ward to produce the ‘‘silver fork’’ deformity. 

If shear played an important part in the generation of this fracture, there 
would be no definite fracture plane. The fracture plane would be parallel 
to the force and would be different in each case. Also, if shear were an im- 
portant factor, there would be no predilection for the site of the fracture. 
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FOREARM & HAND CANTILEVER BEAM 


Fig. 1.—The analogy between the forearm in the loading postulated in Colles fracture 
generation and a cantilever beam similarly loaded. The small insert sketches show the 
presumed anatomic fixation method and the free body analyses. 

Reference to Fig. 2 shows a series of three curves, the load curve, the 
shear curve, and the moment curve. Each curve is developed from the one 
below, that is the shear curve from the load curve and the moment curve 
from the shear curve. The shear curve shows that the ordinate representing 
shear is constant from fixation plane to the point of load application. 

The moment curve, however, shows a zero ordinate or moment at the load- 
ing point and a maximum moment at the fixation plane. The shear curve 
shows no predilection for site of fracture but the moment curve does. This 
adds to our contention that shear plays a very small role in the production of 
this fracture. It emphasized the importance of bending or torque in the pro- 
duction of the fracture. The moment curve explains the predilection for the 
site of the fracture. 

There is reasonable evidence to show that the radius may be loaded as a 
cantilever beam and if so loaded a fracture may result at the lower fifth if 
the wrist joint is forcibly hyperextended, 
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Fig. 2.—The load curve shows the loading of a cantilever beam with the length L from 
the point of application of the load P to the fixation plane. The shear curve shows no pre- 
dilection for fracture site. ln the moment curve the torque or the vertical ordinate is maxi- 


mum at the fixation plane and suggests the site for fracture. 





sim i UNREDUCEO FRACTURES THE CENTER 
OF THE RADIAL STYLOIO IS DISPLACED 
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Fig. 3.—The volar line and its relation with the radial styloid is shown in the nor- 


mal in A, in a molecular fracture in B, in a first degree Colles in C, in a second degree Colles 
in D. The sketches are hypothetical but are believed to be necessary steps in producing a 


true “silver fork’’ deformity as shown in BE. 
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Additional evidence is available in a study of the x-ray films of a series 
of these fractures caused by varying fracture forces. These different frac- 
tures were chosen from elinical cases; the interpretation was presumed at 
first and later experimental evidence corroborated the inference. The experi- 
mental result will be shown later but now we shall examine line drawings 
taken from the x-ray pictures of clinical Colles fractures chosen from this 
series. 

lig. 3 shows lateral projections taken from a normal forearm at the lower 
one-third and from several different degrees of Colles fractures. 

Volar Line.-—When the investigation was begun, a criterion was required 
to establish the degree of deformity after fracture and the accuracy of redue- 
tion after replacement of the fragments. The use of the forward inelination 
of the radial articulation surface did not meet our needs because angle measure- 
ment of this curved surface was not thought to be of sufficient accuracy. If 
accurate measuring were done, a too detailed study would be required of the 
radiologist. 

It was noted that normally a line continued distally along the volar sur- 
face of the distal half of the radius when viewed in a true lateral position 
passes through the center of the tip of the radiol styloid. This may be easily 
demonstrated with a normal radius or on a true lateral roentgenogram of the 
forearm. In the fractured radius (of any degree) the tip of the radio] styloid 
is not intersected by the volar line. This situation is true whether the frac- 
ture is of the Colles type or the Smith type (reverse Colles), the difference 
being whether the tip of the radical styloid is in front of or behind the volar 
line. 

EXPERIMENTAL FRACTURES 


If the foregoing assumptions presented are true, a Colles fracture should 
be generated by forcibly hyperextending a wrist. In these assumptions muscle 
action was not thought to be of much importance. If muscle pull is not of 
much importance, the fracture might be reproduced on a cadaver’s forearm. 
By the courtesy of Doctor Osear V. Batson, Professor of Anatomy, in the 
Graduate School of Medicine of the University of Pennsylvania, such material 
was made available. 

The forearm of the cadaver was held by my arm against my lateral thorax 
and the hand was bent back in forced hyperextension. As the load increased, 
a sharp erack was heard. Examination did not show a ‘‘silver fork’’ deform- 
ity. The maneuver was repeated. Hyperextension was continued farther. 
Examination showed the typical deformity, but still the distal fragment was 
not ‘‘upward and backward.’’ The dorsum of the hand was then brought 
around to the dorsum of the forearm so that the lower fragment was rotated 
almost 180 degrees. The upper fragment was pushed backward and upward. 
When the wrist was flexed to the neutral position, there was complete dis- 
location of the distal fragment and the characteristic ‘‘silver fork’’ deformity. 

It was believed that this was the first experimentally produced Colles 
fracture recorded (Figs. 4, 5, and 6). 
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C. D. 
Fig. 4.—A, Shows a lateral projection of a cadaver’s forearm before application of load. 
forearm with forced hyperextension and the re- 


B, Shows a lateral projection of the same 
sultant second degree Colles fracture. C, Shows a lateral projection of this same forearm 


with the fracturing force continued and the deformity increased. D, Anteroposterior and lateral 
projections of the same forearm showing the end result in an experimentally produced 


fracture. 
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A. B. C. D. 


Fig. 5.—Experimental fracture generation. A, Anteroposterior projection of forearm 
before load application. B, Lateral view of the forearm showing the normal arrangement of 
the radial styloid in relation to the volar line. C, Lateral view of the forearm showing 
backward tilt of the radial styloid after load application. D, Resultant fracture following 
load application. The load was applied as forced hyperextension. 





Fig. 6.—A, A clinical fracture of the radius of a patient, Mr. L. T., a 21-year-old man. 
There is no ulnar styloid fracture in this case. B, An experimental fracture of the radiu 
with a fracture of the ulnar styloid. 














Volume 27 COLLES FRACTURE—CAUSATIVE MECHANISM 435 
Number 3 


ANALYSIS OF THE EVENTS OF A FALL WHICH RESULT IN THE GENERATION 
OF A COLLES FRACTURE 

As indicated earlier in this paper, a person falling instinetively puts his 
hand or hands out to break his fall. As his hand strikes the ground it stops. 
The subject, however, has a definite velocity and weight and therefore kinetic 
energy. He has the inertia of a moving body. This hody moves in relation to 
the ground and also in relation to his hand. The foree developed by the for- 
ward moving body is transmitted through the shoulder of the fixed hand to the 
elbow. The forearm is rotated over the hand by forcibly extending the wrist 
and the fracture is generated. 

Fracture of the Ulnar Styloid—Examination of the wrist under the fluoro- 
scope suggested that the ulnar styloid might be pushed off by the carpus im- 
However, this would require the hand to be in supination. 





pinging against it. 
A. 





; Fig 7, A and B.—Two lateral projections of two clinical Coiles fractures with the volar 
line represented by the line AB. The lines OC show the dorsal displacement of the distal 
fragments. The outlines were indicated heavily to show the actual position of the fragments 
and also the bone loss due to compression. 

Experimentally, it was found that the ulnar styloid could be fractured with 
the hand in either pronation or supination, and ¢linically it was believed that 
most Colles fractures are generated over a pronated hand. Further experi- 
mentation and examination suggested that the ulnar styloid fracture was an 
avulsion fracture caused by tension through the ulnocarpal ligament. The 
evidence for this assumption was strengthened by the fact that ulnar styloid 
fractures were not accompanying complications in the milder deformities of 
this type of fracture but generally accompany the more severe ones. 
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AGE RELATION TO DEFORMITY 


Fractures of the lower end of the radius in different age groups are gen- 
erally characteristic. The fracture in adolescence is situated proximal to the 
others. Fractures in the third deeade group in individuals who are strong, 
vigorous, and muscular often are expressed as fractures of the radial styloid. 
In the eases from this age upward the fracture site is above the radial styloid 
fracture site and below the adolescent level. As the age increases, comminution 
and splitting occurs with increasing brittleness of the bone. 

There is a pattern for these happenings. 

As indicated in the early part of this paper, it was hoped that by better 
understanding the causative mechanism of the Colles fracture perhaps improve- 
ment of methods of treatment might result. To think that this improvement of 
treatment would be directly responsible to this mechanism would be presumptu- 
ous; however, it is hoped that the new developments of treatment and the 
mechanies of the fracture development with its resulting bone changes would 
dovetail and make for an integrated picture. 

During the process of fracture development the one thing that was most 
striking was that there was actual bone loss due to compression from the neutral 
axis to the periosteum. This bone loss was represented by a compressed wedge 
of bone. It is believed that this bone loss is directly responsible for the tendency 
of the distal fragment to rotate backward even after the impaction is broken 
up, and reduction of the fracture appeared to be excellent under fluoroscopic 
guidance (Fig. 7). This also likely accounts for the shortening found in this 
fracture after attempted reduction. That this has been one of the difficult 
problems in the treatment of this type of fracture is evidenced by the tendency 
on the part of surgeons who have used tension, generally by skeletal traction 
through the proximal phalanx (first metacarpal bone) of the thumb or through 
the four metacarpal bones of the hand, with countertraction either by skele- 
tal fixation or by a cast with the elbow fixed at right angles and the pressure 
taken by the humerus. 

SUMMARY 


It is hoped that the evidence presented in this paper will satisfy observers 
regarding the causative mechanism for generating the Colles fracture. It is 
believed that the fracture is a result of forced hyperextension due to a ‘‘fall 
over the hand’’ rather than a ‘‘fall on the extended hand.’’ Evidence is pre- 
sented from the standpoint of roentgenogram interpretation, physical in- 
ference, and experimental reproduction of the fracture. One of the clinical 
implications suggested in the body of the paper has been evidenced in the 
present trend of therapy in Colles fractures. 
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CAROTID BODY TUMORS 


A Case Report oF BILATERAL CarotTIp Bopy Tumors WITH AN 
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HE normal carotid body is a small macroscopic, almost infinitesimal organ 

of the neck about which little is known yet much has been written. It is 
out of the way, seldom seen, and scarcely ever troublesome. Moreover, tumors 
arising from the carotid body are ‘‘like angel visits, few and far between.’”’ 
Bilateral tumors arising from each carotid body and occurring simultaneously 
are rarely recorded, and bilateral carotid body tumors in a patient whose family 
morbidity reveals three similar unilateral tumors is a case apart, unique and 
totally unprecedented in the medica] literature. 

Carotid body tumors, embedded as they are at the bifureation of the common 
carotid artery, are treacherous and trenchant tumors, intimately entwined about 
the great vessels of the neck and enfolding in their growth the vagus, the hypo- 
elossal, the glossopharyngeal, and often other major nerves. 

The operating surgeon unwittingly may find himself suddenly confronted 
by a meandrous and often perplexing cervical mass. The operative removal 
of a carotid body tumor is always a delicate technical procedure and may as- 
sume most formidable proportions. Collected statistics reveal the toll of a 
prodigious operative mortality. Early postoperative death has been generally 
conceded to be as high as 30 per cent. Even in the very best of surgical clinics, 
sparkling with skill, dexterity, and talent, more than 80 per cent of patients 
who survive the operation for carotid body tumors are left with some devastat- 
ing postoperative disability. 

HISTORY 


In the sixty-seven years since Riegner (1880) removed the first carotid 
body tumor, not more than 300 cases have been reported in the medical litera- 
ture. The carotid body was first described as the ‘‘ganglion minutum’’ by 
von Haller in 1743, and subsequently by Neubauer in 1772. Accurate knowledge 
of its microscopic structure was initially reported in authentie detail by 
Lusehka in 1862, who pictured it under the name ‘‘ganglion interearoticum.”’ 
The term ‘‘intercarotid ganglium’’ was introduced many years before by 
Anderseh (1797), who christened it in accord with its anatomic position. 
Lusehka considered these carotid bodies as a part of the sympathetie chain 
and suggested their intimate relationship to the anterior lobe of the hypophysis. 
In his remarkable report he even speculated upon the origin of tumors from 
this source. 

The first exact account of a carotid body tumor and its surgical removal 
was deseribed by Marchand in 1891. He reported the complete ligation of the 
carotid arteries, section of the vagus, hypoglossal and sympathetic nerves, dis- 
ruption of the jugular vein, and subsequent death of the patient. In the 
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second case to be engrossed in the medical literature, operation was by Maydl, 
and it was recorded by Paltauf in 1892. This patient developed a hemiplegia, 
facial paralysis, and aphasia but recovered after a prolonged convalescence. 

Middleton (1897) is generally believed to be the first American surgeon to 
remove a carotid body tumor, but the accuracy of his diagnosis has been seri- 
ously challenged. In Gratiot’s excellent collective review of carotid body 
tumors he raises the question and easts considerable doubt upon the correct- 
ness of Middleton’s basis for diagnosis. There was no microscopic tissue ex- 
amination, autopsy findings were not recorded, and the clinical records and 
material evidence had been destroyed. Priority among the American surgeons 
should perhaps be accorded to Scudder, who presented the earliest verified case 
in 1903 and brought the then current literature up to date. 

Since then there are seattered throughout the medical literature about 300 
case reports, most of them being an anthology of individual patients to which 
is frequently added a historical recapitulation. Noteworthy among the review 
articles are those by Keen and Funke (1906), Bevan and McCarthy (1929), 
Rankin and Wellbrock (1931), Peterson and Meeker (1936), and Gratiot 
(19438). All of these authors have surveyed the sum and substance of the 
medical press and have compiled excellent cumulative résumés. 

ANATOMY 

The carotid body which is present bilaterally in most mammals is situated 
at or near the bifureation of the common carotid artery and is the largest of 
the paraganglia included in the chromaffin system. 

The normal human carotid body may vary in size from a hemp seed to a 
grain of rice, usually measuring 5 by 3 by 2 mm., and is brown, red, or gray 
in various mixtures of color. It is ovoid in shape and surrounded by a fibrous 
capsule which sends septa into the parenchyma of the organ and divides it into 
a score of lobules. Within these septa the vascular and nerve supply penetrate 
the gland. The carotid body is joined to the carotid bifurcation by a connective 
tissue band, the ligament of Mayer. This fibrous pedicle contains the nutrient 
vessels and may be attached to either the internal or external branches of the 
common carotid artery. 

The blood supply is derived through this fibrovascular ligament of Mayer 
and when adjacent to the external carotid artery it is supplied by a small ar- 
terial branch which is the first to leave the main stem. 

The carotid body is richly endowed with nerves. It receives a generous 
supply from the vagus, hypoglossal, superior cervical sympathetic ganglion, and 
the descending branch of the glossopharyngeal which also gives rise to the 
carotid sinus nerve of Hering. The teleologic explanation of this profuse net- 
work of nerves in a macroscopic organ whose function is obscure and whose pres- 
ence is essential for neither life nor health presents an interesting subject for 
speculation and further study. 

Aberrant carotid bodies may occur in quite unusual locations, in fact most 
anywhere along the sympathicochromaffin system. Their recognition, of course, 
depends upon the development of aberrant carotid body tumors which have 
been reported in the region of the mastoid process, the middle ear, the Zucker- 
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kandl bodies in the abdomen and in the pancreas. The possibility that the 
glomus jugularis recently discovered and named by Guild may be the site of 
origin for a group of hitherto unrecognized carotid bodylike tumors has been 
suggested by Rosenwasser. Quoting from Guild’s article, ‘Human temporal 
bone sections reveal structures in several respects like the carotid body for which 
the name glomus jugularis is proposed.’’ Perhaps careful microscopic anato- 
mists may some day discover similar structures of the sympatheticochromaffin 
system located elsewhere in the human body. 


MICROSCOPIC ANATOMY 


The carotid body is surrounded by a thin fibrous capsule, which branches 
into the organ, forming thin fibrous septa. The septa carry blood vessels and 
nerves, which ramify extensively. The parenchymal cells are, for the most part, 
either cuboidal or polyhedral. The nuclei are round or oval, often eccentrically 
placed, and may contain a nucleolus. Some are small and hyperchromatic ; 
others are large and vesicular. The cytoplasm is scanty. Groups of scattered, 
isolated ganglion cells are frequently encountered. Chromaffin cells have been 
found in normal carotid bodies by some investigators and their presence ve- 
hemently denied by others. Some authors have been able to demonstrate spec- 
ialized nerve fibrils in the cell nests. 


EMBRYOLOGY 


Several theories relative to the embryologice derivation have gained favor 
at various times. Stiedé championed the theory of the carotid body being ento- 
dermal in origin and derived from the third or fourth branchial cleft. Kat- 
schenko derived it from the endothelium of the carotid artery. Paltauf con- 
cluded its origin was either from the adventitia or endothelium of the carotid 
artery. Kohn derived it from the embryonic ganglion cells of the sympathetic 
plexus. Peterson and Meeker summed up the present conception of their origin 
as follows: ‘‘They arise from the neural tube as sympathogonia, that is, primi- 
tive cells of the sympathetic system, and, after arriving at the carotid bifurea- 
tion, differentiate into sympathoblasts or into chromaffinoblasts, and still later, 
into sharply demareated chromaffin and sympathetic ganglion cell masses, the 
paraganglia (Zuckerkandl).’’ The carotid bodies are fully developed in the 
embryo 10 weeks of age. The gland is apparently frequently absent both in 
embryos and after puberty. 

PATHOLOGY 


Only tumors of the carotid body have been reported. There are apparently 
few other known diseases of this organ. The tumors are composed, in most in- 
stances, of proliferations of the cells normally seen in the unenlarged carotid 
body. It is without wonder then that one is inclined to favor the theory that 
we are really dealing with a simple hyperplasia. There is no evidence of 
adenoma formation. In some instances there has been observed some atypism 
of the cells and the presence of mitoses. These are the cases which have been 
considered malignant and, in some instances, have shown extension beyond the 
capsule of the gland. Recurrences will oceur following incomplete removal. 
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The tumors are usually oval in shape. They vary considerably in size and 
may be as large as a goose egg. They are usually moderately firm to palpation. 
The sectioned surface varies from reddish gray to gray or brown. The fibrous 
capsule sends numerous septa into the tumor. As the tumor increases in size 
it tends to become adherent to the surrounding structures, namely, the neigh- 
boring nerves and the carotid arteries. 

PHYSIOLOGY 

The precise function of the carotid body with its rich network of capillaries 
and nerves is not fully understood. At one time it was thought that the chro- 
maffin granules contained adrenalin or the precursor of adrenalin, but this has 
been shown to be untrue. Also, there is no evidence to indicate that the carotid 
body is an endocrine gland with any detectable internal secretion. 

Primarily it is said to be a sensory organ containing chemoreceptors— 
nerve endings which respond to chemical changes in the blood—which are sensi- 
tive to changes in the oxygen tension of the blood and through which reflex 
changes in respiration are effected. However, complete removal of a bilateral 
earotid body tumor (as was performed in the present case report) produced no 
noticeable alteration in either the respiratory or circulatory physiology. 

The functions of the carotid body are separate and distinct from the fune- 
tions of the carotid sinus. The carotid sinus is a mechanism of the utmost im- 
portance in controlling blood pressure and must not be confused with its near-by 
neighbor the earotid body. It is rather remarkable that so very few carotid 
body enlargements have produced the characteristic carotid sinus syndrome of 
dizziness, fainting, and sometimes convulsive seizures. Overactivity or hyper- 
sensitivity of the carotid sinus, together with mechanical stimulation, may be 
the necessary trigger-action to induce an attack. 


ETIOLOGY 


The carotid body, like any other organ of the human body, may be (but 
rarely is) the seat of several different pathologic conditions. However, it would 
he considerably less confusing if carotid body tumors came to be generally re- 
garded as a local or general hyperplasia of the carotid gland. Reid (1920) in 
reporting three cases from Dr. William Halsted’s Clinie at the Johns Hopkins 
Hospital emphasized the fact that some cases of benign carotid body hyper- 
plasia may undergo malignant change. Is it not true that similar changes may 
be found throughout the body? 

The etiology of the carotid body tumors is, of course, unknown. Their in- 
cidence is extremely rare. Race, sex, color, and occupation seem to have no 
bearing on the oceurrence of these tumors. Most patients are seen during 
middle life and almost all have noted the presence of a cervical swelling for at 
least several years. Attention is usually directed to these tumors following a 
nasopharyngitis, tonsillitis, or dental infection. 

Less frequent, however, are the reported cases of aberrant carotid body 
tumors or tumors of other paragangliomas. These may occur in the neck, the 
thorax, or the abdomen, or in fact anywhere along the fetal anlage or distri- 
bution of this eurious chromaffin type of tissue. Clage reported a case in 
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which a carotid body tumor occurred at the usual site, but at autopsy the pa- 
tient was found to have two histologically identical tumors involving the ab- 
dominal Zuckerkand| bodies—or the aortic paragangliomas. A typical tumor 
of the carotid body associated with a histologically identical tumor in the pan- 
ereas has been reported by Goodof and Lischer. This latter tumor of the pan- 
creas must have been either a metastasis from the primary growth in the neck 
or a separate neoplasm, illustrating the multicentric origin of these tumors. 

The rare bilateral occurrence, the occasional related tumors of the sympath- 
icochromaffin system, the unique familial incidence, and the exceptional ex- 
amples of coincident carotid and paraganglioma tumors reflect factors of famil- 
ial, systemic, or hereditary predisposition to specific neoplasms as suggested 
by Peterson and Meeker. 

Bilateral carotid body tumors are extremely rare. Phelps and Snyder 
(1937) reported that of 159 verified cases only 5 were found to be present on 
both sides. Examples of bilateral or probable bilateral tumors have been re- 
ported by Lund, Rankin, and Wellbrock, and DeTarnowsky. However, Chase 
(1933) reeorded the first instance of bilateral carotid body tumors and a uni- 
lateral carotid body tumor in siblings. These sisters were the subject of in- 
tensive clinical and pathologic study and gave conclusive evidence of the oc- 
currence of these tumors in two members of the same family. MeNealy and 
Hedin (1939) reported a bilateral case in a patient whose brother presumably 
had a similar tumor. A search of the medical literature fails to reveal any 
other instance of bilateral carotid body tumors occurring simultaneously and 
coupled with three verified unilateral tumors. in three first cousins of the sub- 
ject of this report. 

CASE REPORT 

A. 8., a 36-year-old white, married, man was referred to one of us (E.F.L.) by his 
family physician in Cumberland, Md. The chief complaint was a painless swelling of the 
neck, present on both sides and noted for many years, Recently, however, the patient was 
aware of an increased tempo of the rate of growth, particularly on the right side. The pa- 
tient was an honorably discharged veteran who volunteered the statement that despite the 
rigors of his combat military service he enjoyed excellent health during the war years. 

The family history was considered irrelevant until a positive pathologic diagnosis of 
carotid body tumor was made. It was then that the patient rather vaguely recalled that 
three of his first cousins, all on his father’s side, had had unusual tumors of the neck. Care- 
ful inquiry by personal communication to private physicians, several hospitals, and the indi- 
viduals concerned verified the unique familial incidence shown in Diagram I. 

The past history and review of the systems were both noncontributory. 

The illness began about ten years prior to admission with small painless swellings on 
both sides of the neck. These tumors have grown slowly and almost imperceptibly until a 
recent episode of cervical adenitis and lymphangitis of the arm called the patient’s attention 
to these swellings and made him a bit more conscious of their tempo of growth. There was 
no evidence of cachexia, weight loss, or cough, nor was there any reason to suspect a lym- 
phoma or blood disease. There was no history of fainting, dizziness, or seizures significant 
of the carotid sinus syndrome. 

Physical examination revealed a well-developed and well-nourished white man with a 
resting pulse of 64 and a blood pressure of 128/82. Except for the examination of the 
neck the physical examination was negative. 

In the anterior cervical triangles, bilaterally, there were smooth, firm, rounded, non- 
tender tumor masses—the larger being on the right and measuring 2 to 3 em. in diameter. 
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Each seemed rather freely movable laterally but could not be displaced vertically. There 
was no bulging of the pharyngeal wall and upon testing all of the cranial nerves were found 
to be intact. A pulsation was present over the tumor itself but it was not expansile in 
character, and appeared to be transmitted. No bruit was heard. 

Laboratory studies and x-ray examinations of the chest and neck were all found to be 
within normal limits. 

A presumptive preoperative diagnosis of cervical adenopathy of unknown etiology was 
reluctantly ventured and under local procaine infiltration and sodium pentothal anesthesia 
a right-sided exploratory incision was made. A highly vascular tumor which was tenaciously 
adherent to the bifurcation of the carotid artery was found and by laborious and painstaking 
blunt dissection it was removed without sacrificing either of the great carotid vessels. The 
glossopharyngeal and hypoglossal nerves were seen and gently retracted out of the operative 


field. An adjacent lymph node was removed for microscopic study. 


M 


GRANDMOTHER HAD/ NECK — 


Ma] | 


5 FEMALES 
2 MALES 
\ 
[PATIENT] [MALE] [MALE] FEMALE F x| [mM x [M x 


Diagram I.—F. X., female first cousin of patient; operated upon at Mt. Sinai Hospital, 
New York, for partial removal of right carotid body tumor. Diagnosis verified by micro- 
scopic examination. M. X., male first cousin of patient; operated upon in 1929 for “giant- 
cell tumor” of right temporal region. Present mass in area of right carotid artery which 
may be a carotid body tumor. Operated upon at Presbyterian Hospital, New York, in 1934 
for complete removal of left carotid body tumor. Diagnosis verified by microscopic examina- 
tion. M. X., male first cousin of patient; operated upon at an Army General Hospital for a 
neck tumor. Patient died but the family was told that death was caused by a “tumor on 
the carotid artery.” 
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The patient made an uneventful recovery and because of the nature of the tumor it was 
decided to study carefully the cardiorespiratory functions while digital pressure was applied 
to the remaining carotid body neoplasm, The pulse, blood pressure, and respirations were 
accurately noted before, during, and after pressure was applied to the tumor and very few 
alterations were noted. Pressure caused a temporary bradycardia from 82 to 72 and an ele- 
vation of blood pressure from 110/80 to 124/90. Similar alterations can, of course, be pro- 
duced in a normal control. Blood pressure tests were repeated in each arm and while the 
patient was lying, sitting, and standing without significant or striking differences. 

Prior to performing the second operation it was deemed advisable to have the patient 
undergo a course of carotid compression exercises. These were systematically performed by 
the patient’s wife (a nurse) in the following manner: 

The left carotid artery was compressed digitally against the large anterior tubercle 
of the transverse process of the sixth cervical vertebra for a period of two minutes three 
times daily. This procedure was carried out for four weeks during which time it was felt 
that the development of cerebral collateral circulation was perhaps enhanced. 

The second operation was performed under endotracheal anesthesia and except for the 
difficult control of bleeding from the tributaries of the internal jugular vein, the problem 
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was identical with that encountered at the previous operation. The tumor was again densely 
adherent to all three of the carotid arteries, it originated from behind the bifurcation, and 
the fibrovascular attachment seemed to arise from the internal carotid artery. The hypo- 
glossal nerve was noted, liberated by blunt dissection, and considered to be safely removed 
from the operative field. The tumor was completely excised without sacrificing the carotid 
arteries and except for an incomplete hemiparesis of the intrinsic and extrinsic tongue 
muscles the patient had a happy convalescence, Either operative trauma and traction on the 
hypoglossal nerve or a small postoperative hematoma of the wound could readily explain the 





Fig. 2. 
Fig. 1.—Photomicrograph showing strand and nestlike arrangement of cells and the 
presence of scattered giant cells. 
Fig. 2.—Photomicrograph showing area in which cell strands are separated by broad 
bands of connective tissue. 
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transient tongue paralysis. Six months after operation, however, the patient has regained 
complete normal function of his tongue. 

It is of interest to note that despite the complete removal of both carotid bodies there 
has not been even the slightest shade of difference in any of the known physiologic func- 
tions. Whatever the role of the carotid body may be in the final physiology of man, its loss 
in this particular patient was borne without apparent benefit or misfortune. 

Pathologic Report.— 

Gross description (tumor mass resected from right side of neck): The specimen con- 
sisted of an encapsulated tumor mass measuring 2.5 by 1.8 by 1.6 em, Its cut surface pre 
sented a varied appearance, consisting of granular brownish lobules separated by narrow 
grayish-white fibrous bands. A small lymph node accompanied the specimen and showed a 


normal-appearing cut surface. 
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Fig. 3.—Left carotid body tumor tenaciously adherent to the bifurcation of the common 
carotid artery. Removal by blunt dissection without sacrificing either of the great carotid 
vessels. A third tape was placed around the common carotid artery as a precaution against 
possible hemorrhage. 


Microscopic description: The microscopic picture (Fig. 1) was essentially one of 
strands or nests of moderately large polyhedral cells surrounded by a thin strand of con- 
nective tissue or a small thin-walled capillary. The cell cytoplasm was eosinophilic and 
granular and frequently contained vacuoles. The nuclei were, for the most part, round or 
oval in shape, medium sized, and moderately vesicular, A single nucleolus could be made out. 
There were seattered cells containing hyperchromatic nuclei and an occasional cell of the 
uninuclear or multinuclear giant-cell type. In a few areas the cells tended to be small and 
to contain small pyknotic nuclei. Small scattered deposits of a brownish pigment which gave 
a positive reaction for iron were encountered. No mitoses were seen. Separating the nests 
of cells there were broad bands and buds of a dense hyaline connective tissue (Fig. 2). The 
lymph node was histologically not remarkable. 

Diagnosis: The diagnosis was carotid body tumor. 














Volume 27 CAROTID BODY TUMORS 445 
Number 3 


Gross description (twmor mass resected from left side of neck): The specimen consisted 
of a well-encapsulated, roughly oval-shaped tumor mass measuring 1.8 by 1.2 by 0.8 em. 
It was moderately soft to palpation. The cut surface showed a varied appearance, some 
portions being distinctly brown, others grayish white and still others distinctly yellow. The 
Vulpian reaction for the presence of chromaffin cells was negative on the fresh tissue. 

Microscopic description: The microseopie picture was essentially the same as that 
found in the tumor mass removed from the right side of the neck except for the presence 
of more uninuclear and multinuclear giant cells. Examination of sections of this mass for 


the presence of nerve fibrils gave negative results.* 
Diagnosis: The diagnosis was carotid body tumor. 


DIAGNOSIS 


The clinical diagnosis of a carotid body tumor is seldom made. If ven- 
tured at all it is rarely done with any degree of certainty. Perhaps the most 
that can be hoped for is to remind surgeons constantly of its diagnostie possi- 
bility, and by so doing recall to mind the many pitfalls and hazards incident 
to its operative removal. 

The characteristic and distinctive signs and symptoms of a earotid body 
tumor are lamentably few. Keen and Funke, who were among the pioneer 
American authors to write about these tumors, mentioned twelve points which 
they believed to be helpful in making a more accurate diagnosis. Subsequent 
surgeons have elaborated upon these criteria, but in the opinion of the present 
authors there is absolutely no way to make a positive preoperative diagnosis 
except by the jeopardy of an aspiration biopsy. Perhaps even the necessity 
for making a correct diagnosis of carotid body tumor seems more apparent than 
real. The mere realization that such a tumor is a tentative possibility should 
be sufficient to suggest the utmost of caution on the part of the operating sur- 
geon. 

Bevan and McCarthy have reviewed the medical literature and eall atten- 
tion to the following characteristics of carotid body tumors. 


1. A tumor mass present in the upper anterior cervical triangle par- 
tially covered by the sternocleidomastoid muscle 


2. Variable in size—as large as an egg or as small as a hazelnut 

3. A pulsating tumor in which the pulsation is transmitted and not 
expansile 

4. Skin freely movable over the tumor mass which is round, firm, 
and smooth 

d). Tumor nontender, painless, and most often asymptomatic 

6. Freely movable laterally but immobile vertically 


~l 


May produce pressure on near-by structures, for example, causing 
hoarseness, cough, dysphonia, headache, nausea or vomiting, tin- 
nitus, and dysphagia 

8. Rarely associated with a hyperactive carotid sinus syndrome 

9. Most frequent age incidence, 30 to 40 years 
10. No sex differentiation 
11. Average duration before consulting a physician, seven years 


*The special studies for the presence of nerve fibrils were made by Dr. John Wagner, 
Department of Neuropathology, University of Maryland Medical School. 
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Thus, any cervical tumor which is single, solid, slow growing, and located 
at or near the bifurcation of the carotid artery and with a transmitted but not 
an expansile pulsation should be a candidate for a correct diagnosis. No other 
neoplasm quite fulfills these qualifications. Aneurysms are softer and have 
an expansile pulsation. Primary or secondary malignancies are stony hard, 
irregular, and nodular, and have a rapid rate of growth. Lymphomas and 
leucemias present lymph nodes elsewhere in the body, show alterations in the 
number and character of the white blood cells, and are frequently associated 
with enlargement of the liver or spleen. However, branchial cleft cysts, aber- 
rant thyroid tissue, tuberculosis, or inflammatory adenitis and a variety of 
rarer neoplasms may so closely simulate a carotid body tumor that the dif- 
ferential diagnosis is virtually impossible. 

Laboratory procedures offer little help in confirming or establishing a pre- 
sumptive diagnosis. Blood and urine findings are normal and x-ray shadows 
are of no significance. Greene and Greene have suggested that an aspiration 
biopsy be performed in obscure neoplasms of the neck. This weapon when 
plunged into the great cervical crossroad is, of course, not without its inherent 
danger to both nerve and blood vessels. 

A survey of the several hundred case reports indicates that a correct pre- 
operative diagnosis has been made in less than 10 per cent of all patients. 

TREATMENT 

Although there is almost unanimity of opinion among surgeons regarding 
the blessings of operative excision of carotid body tumors, yet the pride of the 
profession should be tempered by the consideration of a group of rather grim 
fatality statistics. Complete removal of a small and early tumor is, of course, 
the ideal form of treatment. This type of tumor can be readily manipulated 
without the sacrifice of important nerves or blood vessels. However, these pa- 
tients are the very ones who are least likely to seek early medical or surgical 
consultation. Prompt recognition by the general practitioner is not always an 
easy task and early removal, more often than not, is delayed by ‘‘ watchful 
waiting.’’ 

Many patients who finally do seek medical advice do so for cosmetic reasons 
and probably would never have submitted to surgery had they known that an 
operation carries with it a mortality of 20 to 30 per cent or greater, depending 
on whether or not the carotid vessels are ligated. 

The advisability of surgical treatment of carotid body tumors has been 
questioned by eminent surgeons. Bevan and McCarthy believed beyond doubt 
that ‘‘neoplasms of the carotid body should not be removed when it is necessary 
to ligate the carotid arteries.’’ In their case the tumor was only exposed at 
operation, a biopsy was not taken, but a clinical diagnosis made. The patient 
was subsequently given a course of radiotherapy with apparent complete re- 
covery. Similar salutary benefits from x-ray or radium therapy have not been 
the experience of most radiologists. Neoplasms which are slow-growing, highly 
differentiated, and encased in a fibrous capsule as are most carotid body tumors 
are least radiosensitive. 
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From an analysis of the entire group of 143 cases surveyed by Bevan and 
McCarthy it is apparent that more than 80 per cent of the tumors of the carotid 
body are benign. Yet twenty-one patients with benign neoplasms were im- 
mediate postoperative fatalities due to the surgical hazard of ligation of the 
great carotid vessels. In a larger number of patients ligation resulted in 
aphasia, hemiplegia, and an aggregate of less devastating sequelae. 

By modifying the valuable recommendations of Peterson and Meeker we 
offer the following suggestions for reducing an incredible mortality and mor- 
bidity that is associated with the current treatment of carotid body tumors. 


1. The tentative diagnosis of a carotid body tumor must be kept in mind. 

2. The danger to life of primary ligation of the carotid vessels should be 
appreciated. 

3. Systematic compression of the common carotid artery against the large 
anterior tubercle of the transverse process of the sixth cervical vertebra, several 
times a day for a few weeks prior to operation, we believe aids in establishing 
collateral circulation in the cerebral vessels. 

4. Older patients in whom it is absolutely necessary to ligate the carotid 
vessels should have a preliminary procedure in which the artery is compressed 
gradually by one of the several ingenious devices that have been used for this 
purpose. 

5. A simple decompressive operation with section of the sternocleidomas- 
toid muscle and tissue biopsy may be all that is indicated in a certain group of 
cases. 

In the present case report systematic carotid compression exercises pro- 
duced no untoward results. 

SUMMARY 

1. Carotid body tumors are considered as a simple hyperplasia of the 
normal structure, and only in rare instances do they undergo malignant change. 

2. A search of the literature fails to reveal any other instance of bilateral 
carotid body tumors occurring simultaneously and coupled with three verified 
unilateral tumors in three first cousins. 

3. Criteria for diagnosis are discussed in relation to the prodigious opera- 
tive mortality and morbidity. 

4. The successful surgical removal of early bilateral carotid body tumors 
without sacrifice of the great carotid vessels is recorded. 

5. The value of carotid artery compression exercises as a preliminary aid 
in establishing collateral circulation of the cerebral vessels is considered. 
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LIGATURE CARRIER AND KNOT TIER 
HENRY Byron LARZELERE, M.D., FLINT, Micu. 


(From the Hurley Hospital) 


NEW instrument for use in general surgery is presented: a combination 

ligature carrier and knot tier. It is considered to be of practical use 
only in deep operative exposures to vital structures within the body. 

This unit is not used when the finger tip has ready access to the depth 
of the wound. In routine ligature placement and tying it complicates the op- 
eration. However, in any situation where exposure and the placement and 
tying of the knot by the fingers is difficult, or at best done only by using a long 
hemostat or long thumb foreeps as a sort of ‘‘third finger,’’ the knot tier greatly 
simplifies and eases the ligating procedure. 

The construction is simple. It consists of a grooved loop set on a shaft 
or handle, the distal portion of the loop being cut away to provide for visual 
as well as knot clearance. The opposite end of the instrument, usually re- 
ferred to as a packer or a type of ligature ecarrier,* is a blunt metal ribbon 
with two slots at its tip. The unit is made of highly polished and hardened 
chrome plated steel with rounded smooth edges throughout (Figs. 1 and 2). 

The carrier end is used to push and guide the ligature loop down to and 
around the tie point (the latter usually being held by a hemostat) prior to 
the use of the knot tier itself. The shaft acts as the handle for either end of 
the instrument, the three small balls making an easier grip and offering some 
opposition to the pushing action of the surgeon’s fingers. The action of the 
tier end is that of pushing the knot of the ligature down to the tie point, the 
knot having full clearance and being visible at all times (Fig. 3). 

The tier has been used with continuous satisfaction in several vagotomies 
and more difficult cholecystectomies. Simple as the instrument appears to be, 
familiarization prior to surgery is advised because of the torque developed at 
the knot which makes delicate use a necessity. The two free ligature ends, be- 
ing held while the knot tier is in use, must be long and of equal length and 
tension opposing the direction of force being applied. Ligature and suture 
materials of all kinds have been used satisfactorily. Ligature material, 
whether it be absorbable or nonabsorbable, works best when wet. 


INDICATIONS 


1. Vagotomies via the abdominal approach, where the vagi are ligated 


after being clamped and severed. 

2. Choleeystectomies, only in the unusual case of great size or obesity for 
the ligation of the cystic artery and duct. 

3. Sympathectomies in the very large muscular or obese patients. 

Received for publication, April 29, 1949. 

*The portion of the instrument referred to as a packer or ligature carrier was first 


designed and used as a separate instrument by the late Dr. J. G. R. Manwaring, Surgeon, of 
Flint, Mich. It has been added, combining the two important uses in one unit. 
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4. Obturator neurotomies done via the extraperitoneal suprapubie approach 
in a large individual. 

5. Posterior peritonization in the extremely obese person following routine 
types of large bowel resection. 

6. Renal and ureteral surgery when exposure is difficult. 

7. Gynecologic surgery, difficult total hysterectomies. 


HISTORICAL COMMENTS 


Investigation'-** discloses many previous efforts in this direction, some 
of which have been quite complicated (Fig. 4). Reference is first made to 
those instruments with an action somewhat similar to that just presented in detail. 





Fig. 1.—Photograph of instrument, 12 inches long, 1 inch diameter tier loop. 





The first five illustrated (Gross'! 1919, Eaton® 1928, Stahnke®® 1929, 
Misch*® 1929, and Raikow* 1933) have a pushing action for tying, yet lack 
either visual or knot clearance, or both. 

Hagie,'? in 1945, suggested a modified Goodell-Baer uterine dilator as a 
tier in ligating the cystic duct and artery. Two tiny rings were welded onto 
the tips, and the catch on the handle was removed. The spreading action al- 
lows for a certain control over the tightness of the knot in addition to the 
straight pushing action on the handle. There is visual and knot clearance. 
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Gould and his associates’ in 1927 patented a very complex mechanism for 
the grasping of bleeding points and the tying of ligature knots (two models 
shown). Their mechanism is similar to that devised by Spriggs** in 1913, and 
has the outline of a revolver. It consists of a tube or barrel, the coned nose of 
which contains two hemostatic jaws for grasping the bleeder. The ligature 
loop with knot is placed over and around the coned nose. The ends are then 
passed through the slotted ends of a yoke, the yoke being attached to and a 
part of an outer mobile barrel. Another knot is tied over this barrel and the 
ends passed through a second slotted yoke to a point on the mechanism, this 
point being controlled by a coil tension spring. In addition, there is a third 











& I 

(b): The ligature is placed around the hemostat shaft, and the first 
knot loosely tied at the surface of the wound. The carrier end of the instrument is used, 
bringing the ligature loop to and around the tie point. (c) and (d): The instrument is 
reversed and the knot tier is pushed toward the tie point. Engagement of the tier with the 
ligature is on either a horizontal or a vertical plane. The knot is brought down snugly to 
the tie point. In like manner second and third knots may be brought down in complete rapid 
succession. Often the carrier end can be dispensed with, using the tier end as both carrier 
and tier throughout the complete action. 


Fig 3.—(a) and 


mobile half-round shank with cutting edges, one on either side, which cuts the 
ligature at the end of the completed action of tying. The Spriggs instrument 
‘* is a combination of hemostatic foreeps with a sliding arrangement for push- 
ing and tightening the knot.’’** It was used for a while at Guy’s Hospital in 


London. 
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File® in 1933 devised a ligature carrier and knot tier which is very similar 
to the Eave tonsil snare. Hart’ in 1938 patented a somewhat similar device 
wherein the ligature loop was pushed, rather than drawn, downward. The 
yoke ends of Hart’s device project a considerable distance beyond the tie 
point. Harris?® in 1934 introduced an instrument similar to File’s, but used 
a modified hemostat with a snarelike action. File’s instrument also is very 
similar to Tonndorf’s*® ear-tube tier, 1932, and to the loop-tier of Wagener,* 
1933. 

In 1927 Dundas-Grant® suggested a simple glass or metal tube as an in- 
strument to tie snugly a slipknot loop beyond the tip of the hemostat, the long 
end of the ligature strand passing through the tube to the operator’s fingers. 

Isaac”! in 1938 presented the Spencer Wells forceps with a ligating at- 
tachment designed by Webb. The attachment allows the surgeon to push a 
loop of ligature over the tip of the forceps and, by rotating the handle to pull 
the loop tight with the threads in a plane at right angle to the forceps. The 
Webb instrument closely parallels that of Spriggs. Also, it is quite similar 
to that proposed by Smith** in 1927. Smith used a hemostatic forceps with an 
attached ligature carrier. 

Molt*! in 1925 and Durst® in 1934 advocated a scissors-like instrument 
for knotting ligatures, the action being that of spreading the ligature strands 
at the knot level while a yokelike ligature carrier is used to push the knot 
to the tie point. Similar yoke carriers or knotters were used by Young,*" 
Wells,** ** and La Foree.** 

Render** in 1926 proposed a clever knotter shaped as a simple smooth 
tiny yoke or forked earrier set on a thimble base, the latter fitting over the in- 
dex finger. He used it in ligating tonsil bleeders. 

In 1939 Van Voorthuysen* introduced a knot-tying forceps. Its action 
is very much like the scissors instruments of Molt and Durst. Hildebrandt’® 
in 1931 and Harris™ in 1944 used plier-type instruments with a spreading ac- 
tion for tightening wire knots about bone. 

Matis** in 1941 used a modified bronchoscopic biopsy forceps for knotting 
deep sutures. The tips of the jaws contain small wheels which earry the su- 
ture. Their spreading action draws the knot tight. 

Callahan* in 1926 patented a hemostat foreeps with ligature-carrying 
notches just behind the tip ends and with ligature-holding clips mounted on 
one side of the shank. He first entered one similar to this in 1921.° His 
foreeps is similar to that of Shoemaker,* 1907. Other forceps with notched 
jaw for earrying the ligature were also developed by Kahn*® in 1923, by 
Popper® in 1926, by MeWhorter,”? and by Van Voorthuysen*! in 1939. Also, 
Hofstatter’® in 1931, Blond and Wagner’ in 1933, and Kissmann2* in 1937 all 
developed different modifications of ligature-holding forceps of hemostat type. 
On the shank of Hofstatter’s. (Peter’s type) and Kissmann’s instruments are 
looped handles which either help to tighten the knot or close the hemostat jaws. 

In 1927 Eadie? and later, with improvement, Howard,?° in 1934, intro- 
dueed ligature loop-carrying hemostats with a ligature hole running obliquely 
through one of the jaw tips. By fashioning a half-hitch (Eadie), or slipknot 
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loop (Howard), around the nose of the hemostat with the long end of the 
ligature passing inside the loop and up the instrument shank, the operator has 
only to direct the tying loop down to the tie point by pulling on the long end. 
Their instruments are used for the management of tonsil hemorrhage. 

Zopft* in 1939 and Ho" in 1944 each presented an instrument for push- 
ing a slipknot down to the tie point. Luongo?’ in 1934 and Kofler?* in 1938 
introduced loop knotters which Zopff’s resembles very much. And, Boettcher? 
in 1918 introduced a ligature knotter which set the stage for all the ring knot- 
ters that followed. 

Hollenberg’? in 1936 presented a deep ligature tier made as a metal 
tapered rod with a blunt point containing an eye in point emerging on the 
side of the taper. It enabled the surgeon to tighten the knot in its own plane. 
He used two of these tiers in tying square knots and one in pushing down 
slip knots. 

Lloyd”* in 1936 designed a ligature-tying thumb forceps with a contained 
spool-in-handle which carries and supplies continuous ligature material 
through a coned nose. It was used in tying knots with an action similar to 


that of the ring knotters. 
SUMMARY 
1. An instrumental knot tier is of practical use only in extremely deep 


exposures. 
2. The instrument must be simple, easily and readily usable, and give 


visual as well as knot clearance at all times. 
3. The knot should be snug and yet easily formed by delicate straight 


action. 
4. Repeated tying must be done equally as easy, deliberate, and fast. 
5. An instrument believed to embody these qualities is presented. 
6. Situations wherein such a device is believed to be of practicel use are 


listed. 
7. A short critique of previous efforts is presented. 
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MASSIVE INTRAPERITONEAL HEMORRHAGE FROM CARCINOMA 
OF THE LIVER 


REVIEW OF THE LITERATURE AND CASE REPORT 
JAcoB SPECTER, M.D., AND RICHARD J. CHoporr, M.D., PHILADELPHIA, PA. 
(From the Surgical Service, Mt. Sinai Hospital, Philadelphia, Pa.) 


HE frequency with which tumors (primary and metastatic) are encoun- 

tered in the liver is well known. In 500 consecutive necropsies on patients 
with cancer, Willis' found 36 per cent with metastasis to the liver. Primary 
tumors of the liver add a relatively insignificant few.? It is common experience 
in autopsy study that these tumors tend to undergo central degeneration, which 
explains the frequent description of ‘‘umbilicated nodules’’ and the presence 
of hemorrhage within these masses. One would expect therefore that de- 
generation of liver tumors with hemorrhage into the peritoneal cavity would 
not be a rare occurrence. However, a search of the current texts reveals no 
mention of this development except for a brief sentence in Bockus.* A search 
of the literature also gave meager results; a total of thirteen case reports were 
found. Schnabel* stated that his case was the only one in 27,000 autopsies at 
Philadelphia General Hospital. It was felt that it would be worth while to 
tabulate these cases (Table I) and report an additional case. 


CASE REPORT 


Mrs. R. F., a 62-year-old white woman, was admitted June 4, 1949, because of abdominal 
pain and vomiting. She had consulted her family physician during the past year for vague 
aches and pains, and had been treated for mild heart failure. She believed she had lost 
weight through the year although she could give no specific figures. 

She had noted dyspnea, precordial pressure, and pain radiating to the left shoulder 
three days before admission. Generalized abdominal pain and vomiting started the day be- 
fore admission. 

On admission the temperature was 100.4° F. orally, blood pressure 170/86, pulse 120, 
respirations 24. There were scattered riles and diminished breath sounds at both lung bases. 
The heart was moderately enlarged and there was a systolic murmur heard best over the 
pulmonic region. The abdomen was diffusely tender and distended. There was no rigidity. 
Rebound tenderness was marked all over the abdomen. Peristalsis was normal. Pelvic 
examination was negative. 

The white blood count was 13,800 with 78 per cent polymorphonuclear, blood sugar 
248 mg. per cent, urine sugar plus two, serum amylase 250 units. Chest x-ray examination 
revealed both diaphragms to be elevated. There were atelectatic patches at both bases and 
a suggestion of an effusion at the left base. Flat film of the abdomen showed only a 
diffuse haze suggesting the presence of ascites. Electrocardiogram revealed only the tachy- 
cardia and changes secondary to the elevated diaphragm. 

After a brief period of observation (three hours) it was noted that peristalsis was 
diminished, abdominal tenderness had increased, and there was rigidity in the lower abdomen. 
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AUTHOR YRS, | SEX | PATHOLOGIC DIAGNOSIS RESULT 
1. Andred 59 Male ? Died without surgery 
2. Murchisoné 50 Male Primary carcinoma of Died without surgery 
liver with cirrhosis 
}. Sala? 50 Male ‘*Endothelioma of Died at laparotomy 
periportal origin’’ 
4. Mast and 34 Male Primary carcinoma of Died without surgery 
Streamers liver with cirrhosis 
5. Armand-Delille, 9 Female ? Tumor biopsied; re 
et al.9 covered from 
surgery 
6. Rosario1 40 Male Primary carcinoma of Died without surgery 
liver with cirrhosis 
7. Sechnabel4 66 Male Primary carcinoma of Died without surgery 
liver 
8. Trizzino1 67 Male Primary carcinoma of Died without surgery 
liver 
%. Israelev12 52 Male Primary carcinoma of Died at laparotomy 
liver with cirrhosis 
10. Busser, et al.1% 66 Male Adenocarcinoma of liver Died at laparotomy 
with cirrhosis 
11. Jenks, et al.14 38 Male Primary hepatoma Laparotomy; liver 
packed; expired in 
4 hours 
12. Bunehts5 65 Male Primary carcinoma of ? 
liver 
13. Young16 39 Male Primary carcinoma of Liver sutured; pa- 
liver with cirrhosis tient expired 21 
months later 


An exploratory laparotomy was done. The peritoneal cavity was full of free blood. 


After a thorough seareh it was determined that the souree of the hemorrhage was a mass 


the size of an orange in the posterior portion of the left lobe of the liver. Some necrotic 


tissue was removed from this with the finger for biopsy, and two attempts were made to 


control the hemorrhage by gauze packing. When this was unsuccessful, the left triangular 


ligament was divided to mobilize partially the left lobe of the liver. Interlocking interrupted 


catgut sutures were placed through the liver to the right of the lesion and it was excised. 


Oxycel was then sutured over the raw surface of liver and although there was very little 
The patient fair condi- 


blood 


was maintained in 


of 2,500 of 


bleeding, gauze packing was inserted over this. 


tion through most of this procedure by the administration c.c. under 


under pressure, 

Postoperatively the patient received penicillin, intravenous fluids, and Wangensteen suc 
tion. The diabetes was regulated on the basis of frequent urine sugar determinations. She 
continued to show signs of pneumonitis at both bases. 
and the tachycardia persisted for 
this was relatively uneventful. 


Temperature fluctuated between 100° and 103° F, 
several days and then fell to normal. The course after 

The pathologist’s report on the tissue removed was ‘‘extensive hemorrhagic necrotizing 
metastatic adenocarcinoma of the liver, probably primary in the kidney or adrenal.’’ 

An intravenous pyelogram revealed some abnormality of the right renal pelvis which 
was assumed to be the primary source of the neoplasm. 

Because of the patient’s general condition it was not deemed advisable to attack the 
primary lesion at this time and she was discharged June 20, 1949. 


In the cases previously reported in the literature, the source of bleeding 
was for the most part from primary tumors of the liver, although some of the 
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reports are not clear on this point. This is the only case in which the lesion is 
probably a metastatic one. In view of the relative incidence of primary and 
metastatic carcinoma of the liver,’ this is indeed surprising. 

Bleeding might be a terminal event, but in most of the reported eases, 
as in this one, a sudden abdominal catastrophe was the first significant symp- 
tom. Six of these patients expired without surgical exploration. Four died 
during or shortly after laparotomy and two survived the acute phase. This 
patient, the third to survive, was the only one in whom liver resection was 
attempted. Possibly, with the aid of good anesthetist control and massive 
blood transfusions, liver resection would have controlled the hemorrhage in 
some of the other patients who expired. 


9-16 


SUMMARY 


1. Reports of thirteen cases of massive hemorrhage from degenerating tu- 
mors of the liver have been found in the literature. 

2. An additional case is reported in which the hemorrhage was controlled 
by resection of the liver. 
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DIAPHRAGMATIC HERNIA FOLLOWING SUBDIAPHRAGMATIC 
VAGOTOMY AND PARTIAL GASTRECTOMY 


C. Ro_uins HANLON, M.D., ano R. PAuL Hiaatns, JR., M.D., BALTIMORE, MD. 


(From the Department of Surgery of the Johns Hopkins University and the Johns Hopkins 
Hospital) 


HE common complications of vagotomy have been reviewed by Moses,’ and 

Beal? has recorded an unusual instances of diaphragmatic hernia following 
subdiaphragmatie vagotomy. In the patient reported here, diaphragmatic 
hernia developed after a vagotomy and partial gastrectomy performed trans- 
abdominally for chronie gastric uleer. 


CASE REPORT 


W. S. (No. 444009), a 55-year-old Negro farmer, was admitted to the Johns Hop- 
kins Hospital on Nov. 26, 1947, with the diagnosis of chronic gastric ulcer. Symptoms had 
been present for five years. Slight epigastric tenderness to deep palpation was the only 
unusual finding on physical examination. Radiologie studies of the upper gastrointestinal 
tract showed a filling defect in the region of the pyloric antrum of the stomach. Nothing 
suggestive of a hiatus hernia was observed (Fig. 1). A roentgenogram of the chest ap- 
peared normal (Fig. 2). The serologic test for syphilis was negative, and routine labora- 
tory studies of blood and urine showed no significant abnormalities. 

On Dee. 5, 1947, an exploratory laparotomy was performed through an upper midline 
incision. A chronic gastric uleer was found on the lesser curvature of the stomach. No evi- 
dence of malignancy was detected by microscopic examination of a frozen section. At that 
time it was customary to combine vagotomy with the procedure of partial gastrectomy for 
peptic ulcer, as a means of evaluating its field of usefulness. Vagotomy was carried out 
therefore, preliminary to resection of the stomach. Exposure was somewhat difficult be- 
cause of the extremely acute subcostal angle which made the region of the esophageal hiatus 
relatively inaccessible. By strong downward traction on the stomach, however, the vagus 
nerves were exposed and freed from the esophagus under direct vision, after the esophageal 
hiatus had been enlarged by finger dissection. At one point during the procedure, it was 
possible to see movement of the left lung through the parietal pleura, although at no time 
was obvious entry made into the left pleural cavity. A small segment was excised from 
both the right and left vagus nerves and a partial gastrectomy was performed. Two-thirds 
of the stomach was resected, and an anterior Polya type of anastomosis was performed be- 
tween the cut end of the stomach and a segment of jejunum approximately twelve inches 
distal to the ligament of Treitz. Pathologic examination of the operative specimen showed 
evidence of a chronic gastric ulcer. 

After operation, the patient was troubled by moderate abdominal distention and 
persistent hiccup. On the day after operation, crepitus was noted about the upper end 
of the incision. An indwelling Levine tube, which had been draining poorly, was removed 
forty hours after operation. A few hours later, the patient complained of severe pain in 
the back, and of a sense of fullness in the epigastric region. These symptoms promptly dis- 
appeared after removal of 200 c¢.c. of coffee-ground fluid by intragastric suction. Suction 
was continued for several additional days, during which period his condition gradually im 
proved. The remainder of his course in the hospital was uneventful. The operative wound 
healed per primam and he was discharged nineteen days after operation. At that time 
he was taking a soft diet in six small feedings, and felt quite well. 
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Fig. 1.—Reproduction of upper gastrointestinal roentgenogram. There is no evidence of 
hiatus hernia. 











Fig. 2.—Normal roentgenogram of chest before operation, 
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He was followed in the outpatient clinic for a brief period thereafter. Because of 
transient episodes of postprandial nausea, weakness, perspiration, and palpitation of the 
heart, the possibility of hypoglycemia was entertained, but was not confirmed by an oral 
glucose tolerance test. 

Approximately five weeks after the original operation, the patient returned to the 
hospital in acute distress. Eighteen hours previously, he had noted sudden onset of severe 
tearing pain in the left upper quadrant of the abdomen. This had persisted with cramp- 
like exacerbations gradually increasing in frequency and severity. He had vomited twice. 
On examination, although the blood pressure was normal, his general condition was poor. 
The heart and trachea were shifted to the right. There was hyperresonance to percussion 
and marked suppression of breath sounds over the left hemithorax. The abdomen was 





Fig. 3.—Roentgenogram demonstrating loops of bowel herniated into left thorax through 
esophageal hiatus five weeks after gastrectomy and transabdominal vagotomy. 


flat, rigid, and moderately tender. No peristaltic sounds were audible. The patient was 
thought to have herniation of abdominal viscera into the left side of the chest with second- 
ary intestinal obstruction. Roentgenograms demonstrated the presence of several loops of 
intestine containing gas and fluid levels in the lower portion of the left hemithorax. There 
were atelectatic changes in the overlying lung, and shifting of the heart and great vessels 
to the right (Fig. 3). 

A left thoracotomy was performed through the bed of the resected eighth rib. Sev- 
eral feet of dilated but viable small intestine were found in the left chest cavity, together 
with a loop of transverse colon and the recently constructed gastrojejunal anastomosis. 
These viscera entered the chest through the paraesophageal region but the cardia and lower 
esophagus had not shifted in position. Instead, the stomach distal to the cardia, as well 
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as the anastomosed jejunum and the transverse colon, had rotated anteriorly and cephalad 


to enter the chest anterior to the cardia. Before the abdominal viscera could be replaced 


within the peritoneal cavity, it was necessary to enlarge the existing hiatus by splitting the 
diaphragm anteriorly. The rent in the diaphragm was repaired with interrupted silk su- 
tures, and the chest was closed tightly around an inlying catheter subsequently connected to 
water-seal suction. 

The patient’s course following this second procedure was far from satisfactory. On 


the sixth postoperative day, shortly after intragastric suction had been discontinued and 
Ex- 


oral fluid intake had been resumed, he developed signs of high intestinal obstruction. 


ploration was carried out through a left thoracoabdominal incision. The diaphragm was 


found to be intact, but the left upper quadrant of the abdomen was filled by a tremen- 
dously dilated loop of jejunum just proximal to the anastomosis, obstructed and kinked by : 


fresh adhesion. The adhesion was released, resulting in deflation of the distended seg- 


ment. As a precautionary measure, an 
afferent and efferent limbs of jejunum. 


enteroenterostomy was performed between the 





Fig. 4.—Roentgenograrm five months after repair of diaphragmatic hernia. 


Convalescence was complicated further by development of a large subphrenic ab- 


This was incised and drained by an anterolateral approach eight days 


scess on the left. 
The patient finally was discharged on March 3, 1948, 


after release of the obstruction. 
his fiftieth hospital day. At the time of discharge, he was on an unrestricted diet in six 


small feedings daily, and was asymptomatic except for slight residual drainage from the 
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site of the subphrenic abscess. (Brief readmission to the hospital was necessary three 
months later for partial resection of the sixth, seventh, and eighth costal cartilages which 
showed evidence of chondritis. The operative wounds ultimately healed completely.) 

Follow-up studies have indicated a satisfactory end result. Fluoroscopic examinations 
with barium demonstrate normal function of the gastroenterostomy. Roentgenograms of 
the chest show moderate elevation and some fixation of the left diaphragm, but the left lung 
field is clear (Fig. 4). Twenty-two months after the original operation the patient reported 
by letter that he was quite well. 


DISCUSSION 


In reporting a case similar to that recorded here, Beal* has stressed the 
advisability of closing the esophageal hiatus after subdiaphragmatic vagotomy. 
This maneuver was advocated by Dragstedt and associates* in an earlier report 
but we had not been sufficiently impressed by its importance prior to the ex- 
perience discussed here. The wide employment of vagotomy warrants renewed 
emphasis on the proper technique for its performance. 

It is felt that the diaphragmatic hernia reported here might well have 
been avoided, if after vagotomy we had closed the enlarged esophageal hiatus 
as suggested by Dragstedt. Moreover, a review of the early postoperative 
course in this patient reveals signs and symptoms which should have suggested 
the correct diagnosis before the patient’s acute illness made it fairly obvious. 
Earlier institution of therapy based on this diagnosis probably would have 
obviated the distressing complications from which the patient fortunately 
recovered. 

SUMMARY 


A ease of diaphragmatic hernia following subdiaphragmatic vagotomy 
and partial gastrectomy is presented. The avoidance of this complication as 
well as its recognition and treatment are discussed. 
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Editorial 


Blood Fluidity and Blood Coagulability 


HE modern surgeon is venturing more often into what were at one time 

considered to be forbidden territories, and meets the challenge of excessive 
blood loss by coming to the operating room equipped with large blood re- 
placements. Ideally, the contro] of hemorrhage should begin by prevention 
and not by correction of its by-effects. It might be possible to work in a rela- 
tively dry field, if hemostasis could be temporarily enhanced. Attempts to do 
this from outside the vessels have had abundant trial, but have only a limited 
scope. To accomplish it by influencing the blood within the vessels is more 
difficult, and may even prove to be somewhat more hazardous, involving as it 
does, modifying existing mechanisms which maintain cireulating blood fluid. 
Extension and application of recently introduced concepts may bring us 
nearer to the time when this may be done under accurate control. 

Most observers have formed their concepts of the stability of cireulating 
blood from its behavior in glass tubes. Yet, many have found it difficult to 
understand how a liquid which clotted within about five minutes after being 
placed in a glass tube could maintain itself fluid indefinitely while cireulating 
in the vessels. Prevailing theories have been concerned largely with explain- 
ing what happens to the blood after it leaves the body. Since such ex vivo 
blood, onee shed, seemed to clot promptly, efforts have been centered in find- 
ing those things which made clotting possible. Any delay or failure of blood 
to clot was generally attributed to a lack of some constituent. This tendency 
was particularly evident at the time (1934 to 1940) when quantitative methods 
for measuring prothrombin were being developed. Then, potent agents which 
aided (vitamin K) or blocked (Dicumarol) the formation of prothrombin were 
being introduced. It did seem as if the presence or absence of those agents 
which contributed to the formation, activation, and transformation of pro- 
thrombin were the governing forces in determining the act and rate of 
progress of coagulation. A return to the broader principles enunciated by 
Lister,* Bordet,? Doyon,* and Howell* seems opportune now. Since so much 
is known concerning the ‘‘how’’ and ‘‘what’’ of clotting, it may not be amiss 
to look again into the ‘‘how”’ and ‘‘what”’ of the fluidity of circulating blood. 

The introduction of the silicone technique® has made it possible to work 
with unusually stable blood and plasma, and has revealed facts heretofore 
poorly appreciated. Siliconized surfaces protect the stability of blood in a 
manner not unlike that of the intact endothelium of blood vessels. The spar- 
ing action of these surfaces on first phase inhibitors (antithromboplastin) has 
helped to draw attention to the part played by these inhibitors in delay- 
ing the inception of clotting. First phase inhibitors are elusive to dem- 
onstrate, since they are readily affected by dilution, contact with glass or simi- 
lar surfaces, and defective collection of blood, with its attendant contamina- 
tion with tissue fluid. The concentration of these anticoagulants probably 
determines to a large extent the ability of the blood to maintain itself fluid 
when in contact with damaged vessel surfaces. Reduction of this concentra- 
tion even by moderate dilution (two to four times) accelerates the rate of 
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coagulation of blood or plasma, sinee it results in partly releasing the pro- 
coagulants, normally present in excess (platelets, prothrombin, Ac-globulin, 
fibrinogen), from the stabilizing effect of the inhibitors (antithromboplastin, 
antithrombin) .° 

It is becoming evident that circulating blood contains within and about 
itself all that is needed to delay or promote coagulation. The fluidity of such 
blood is maintained by a dynamic equilibrium between two opposing groups 
of factors within and in contact with the blood: (1) procoagulant factors 
or those promoting or accelerating coagulation (stasis of the circulation, dam- 
aged contacting surfaces, platelets, prothrombin, accelerator globulin, fibrin- 
ogen), and (2) anticoagulant factors or those preventing or retarding coagula- 
tion (rapid blood flow, inert contacting surfaces, antithromboplastin, anti- 
thrombin, fibrinolysin). 

The rate of coagulation of blood when properly measured, employing 
nearly inert surfaces, reflects the effectiveness of this dynamic equilibrium. A 
delay in the rate may be the result of an uncompensated increase in the anti- 
coagulant factors, or a diminution in the procoagulants, not proportionally 
offset by a decrease in anticoagulants. An accelerated rate of blood coagu- 
lation may come about when there is an uncompensated increase in proco- 
agulant factors or, what is prokably more common, an uncompensated de- 
crease in anticoagulants.’ 

What happens when blood is shed outside of the vessels? Disruption of 
this equilibrium may begin at onee; much depends on what surface the blood 
encounters and what its new environment is like. Within the body, the tis- 
sues themselves contain coagulation promoting and delaying substances* in 
variable amounts, and on these may rest the future state of the extravasated 
blood coming into contact with them. In certain abnormal states, the fluidity 
of the blood may he further enhanced by an increase in the naturally occurring 
anticoagulants” '° or by the entrance of heparin into the cireulation' '° after 
release from certain tissue cells where it normally resides. 

Much remains yet to ke learned concerning this delicate mechanism so 
vital to the proper functioning of many organs. Progress in the understand- 
ing of the various forces involved in it may enable us further to correct ex- 
isting deficiencies or excesses, or make it possible to provide at will, an in- 
ternal millieu in the blood unfavorable to either thrombosis or hemorrhage. 
L. M. Tocantins. 
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INTRODUCTION 


T HAS been shown in our preceding paper on the crush syndrome that severely 

wounded men commonly excrete heme-containing pigments, either hemo- 
globin or myoglobin, in the urine, and that such excretion is constantly ob- 
served in patients destined to develop the syndrome of posttraumatic renal 
insufficiency. The significance of pigment excretion has heen further empha- 
sized by our demonstration that pigment precipitation in the lower segments 
of the nephrons is a constant feature of the renal lesion observed in fatal cases. 
The importance of pigment mobilization, its transport via the plasma to the 
kidneys, and its exeretion in the urine was, therefore, obvious from the start 
of our investigations, and the present paper will be devoted to presentation of 
the available data and discussion of their significance. 


MATERIAL AND METHODS 


We were severely handicapped by the lack of a spectroscope of sufficient 
sensitivity to distinguish between the closely similar spectra of hemoglobin 
and myoglobin, and even if a suitable instrument had been available it is 
doubtful if it could have been utilized under field conditions. We resorted, 
therefore, to use of the benzidine method, which gave a color reaction strong 
enough to read in a Coleman junior spectrophotometer in a dilution of 1 mg. 
of hemoglobin per 100 ¢.c. of plasma. The method did not permit distinetion 
between myoglobin and hemoglobin in plasma, and throughout this discussion 
the term ‘‘plasma hemoglobin’’ is used to indicate the total amount of ben- 
zidine-reacting material, though in many instances a significant proportion 
was undoubtedly myoglobin. A further small fraction of the total was prob- 
ably contributed by nonspecific oxydases, but it is improbable that this was 
large enough to affect comparative results. 

In the urine it did prove possible to distinguish between the two pigments 
within certain limits by taking advantage of the greater stability of myo- 
globin in alkaline solutions. By cautiously alkalinizing the urine, hemoglobin 
could be converted to alkaline hematin and precipitated while most of the 
myoglobin remained in solution. Tests with known mixtures of the two pig- 
ments showed that the separation was approximately 80 per cent effective, 
and analyses of normal and decolorized muscles from cases of the crush syn- 
drome provided further confirmation of the validity of the method. When 
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amounts of pigment sufficient for quantitative determination were present in a 
urine specimen, this method was applied. Values of ‘‘myoglobin’’ less than 
20 per cent of the hemoglobin present were considered doubtful or negative; 
amounts in excess of the 20 per cent level were recorded as myoglobin in the 
charts. Details of the methods used will be found in Appendix II of our book, 


The Physiological Effects of Wounds.* 

Determinations of ‘‘plasma hemoglobin’’ and of urine hemoglobin and 
myoglobin were done routinely upon all patients in the series from whom suit- 
able specimens could be obtained. In some instances high plasma values were 
undoubtedly due to technical error, since the difficulty of avoiding some 
hemolysis in taking a sample of blood is well known. Great care was used 
in the cleaning and drying of needles and syringes and in the technique of 
venipuncture, but needles and syringes were not paraffinized. Though ex- 
amples of falsely high levels cannot be excluded, it is believed they are infre- 
quent. In certain patients, injury to the kidney or other portions of the 
urinary tract resulted in gross hematuria, and urine hemoglobin levels in these 
cases were considered valueless. If myoglobin was discovered in such speci- 
mens, however, it was recorded. 

Since hemolysis is inevitable in stored blood, many analyses were made 
of samples of bank blood at the time that they were being given as trans- 
fusions to our patients. The blood sugar was determined as well as the plasma 
hemoglobin level in order to check upon the effectiveness of added dextrose as 
a preservative. 

Confirmation of the serologic blood group of the bank blood was not at- 
tempted since the triple check used in the theater blood bank was as accurate 
as any method we could have tried. We did, however, take the precaution of 
checking the blood group of every recipient, for the ‘‘dog tags’’ were known 
to be approximately 8 per cent erroneous, and the typings were often too diffi- 
cult for hospital technicians because of the large amounts of ‘‘O’’ blood which 
some patients had already received before the first test specimen was obtained. 

Rh determinations were done on very few occasions because of the very 
small amount of available typing serum. All patients, however, who were con- 
scious at the time of observation, were carefully questioned regarding pre- 
vious transfusion, and their answers were uniformly negative. Previous 
sensitization was, therefore, improbable, and the short duration of the period 
of transfusion therapy, from one to three days, made active sensitization of no 
importance in our problem. 

Specifications of Bank Blood.—All blood given to patients included in this 
study was derived from the theater blood bank, with two exceptions: Case 
9 was an example of a transfusion accident: ‘‘A’’ blood to an ‘‘O”’ recipient. 
The patient was seen in consultation at a neighboring hospital and was studied 
for comparison only. The second patient (Case 22) belonged to Group ‘‘A.”’ 
He received three transfusions of bank blood in a forward hospital and subse- 
quently was given two units of ‘‘A’’ blood at a general] hospital. He already 


*To be published by the Office of The Surgeon General. 
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gave evidence of renal insufficiency before the type-specific blood was admin- 
istered. All bank blood was Group ‘‘O”’ and the plasma agglutinins against 
‘(A and ‘‘B”’ cells had been determined. If these were below 1:64, the blood 
was labeled ‘‘Universal Donor’’; if above this level, ‘‘O Blood, for use in O 
Recipients only.’? The blood had been drawn into sodium citrate, and dex- 
trose had been added to give a concentration of approximately 0.3 per cent. 


RELATIONSHIP BETWEEN FREE PLASMA 
HEMOGLOBIN AND AGE OF STORED 
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Chart 1. 


Blood was stored at all times, including periods of transportation, in refriger- 
ators at approximately 8° C. Its expiration date was set at seven days. Oceca- 
sionally it was used beyond this period but never after the tenth day. 

Analyses of Bank Blood.—Sinee all blood samples contain cells of varying 
maturity, progressive hemolysis is inevitable in all stored specimens. This is 
clearly shown in Chart 1, based upon 214 analyses of samples from two to ten 
days old. The rate compares favorably with Gibson’s figures based on storage 
in A.C.D. solution. In occasional samples, usually six to eight days old, fairly 
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marked hemolysis was evidenced by plasma hemoglobin levels from 100 to 
300 mg. per 100 ¢.c. (Charts 2, 3, and 4). The average levels in samples from 
three to six days old, the age period of most of the blood used, were in the 


range trom 36 to 48 mg. per 100 c.e. 
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respectively. 





The possible significance of these figures is made evident by the following 
simple calculations based on round figures. 
hemoglobin level of 40 mg. per 100 ¢.¢., each unit of bank blood would contain 
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Chart 2. 


200 mg. of free hemoglobin and would raise the plasma hemoglobin level of 
an average recipient with a blood volume of 5,000 ¢.c.. 4 me. per 100 c.¢. 
of the infused hemoglobin remained in the circulating plasma. The average 
number of transfusions per patient in the series was 4.2; in the fatal cases, 7.3; 
and in seven eases, as high as from 10 to 14. Corresponding rises in recipients’ 
plasma hemoglobin levels would be 16, 28, and from 40 to 56 mg. per 100 ¢.e¢., 


Assuming an average plasma 





It must not be forgotten, however, that these approximations 
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are based on the assumption that all infused free hemoglobin would remain in 
the circulating plasma. This certainly would not be true, sinee in many pa- 
tients significant amounts would be exereted in the urine, and in all cases 
some would escape with the plasma into traumatized tissues. 

Charts 2 to 5 show the relationship between hemolysis and sugar levels 
in the stored blood. It is evident that all instances of marked hemolysis oe- 
eurred in bloods with low sugar levels. Chart 5 shows that the sugar level was 
well maintained until the seventh day and dropped sharply thereafter. 
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Chart 3, 


Plasma Hemoglobin Levels in Wounded Men.—The pattern of plasma 
hemoglobin levels in severely traumatized individuals is shown in Charts 6 
through 9. In Chart 6, based upon 138 patients, the mean plasma hemoglobin 
level for each day after injury is plotted. From an initial figure of 10 mg. per 
100 ¢.¢., it climbs in forty-eight hours to 17 mg., then slowly falls in the course 
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of fifteen days to a level of 5 mg. per 100 ¢.c. Chart 7 is based upon sixty-four 
cases showing azotemia, two-thirds of which were fatal. The curve is essen- 
tially similar, though the peak is higher and is delayed twenty-four hours. 
Chart 8 ineludes only the fatal cases with histologically proved pigment neph- 
ropathy. In this group the peak is sharp and high, occurring at twenty-four 
hours and attaining a maximum of 37 mg. per 100 ¢.e. This figure is still far 
below the generally accepted threshold level of 135 mg. per 100 ¢.c., at which 
a normal kidney begins to excrete hemoglobin. 
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Chart 4. 


In these charts the plasma bilirubin as determined by the van den Bergh 
diazo test has likewise been plotted, omitting cases of direct liver trauma. As 
would be expected, the bilirubin curve roughly parallels that of hemoglobin 
but its peak is displaced to the right two to three days. Strict parallelism 
could not be expected, since the bilirubin level is also affected by efficiency of 
liver funetion; evidence of liver injury in these patients is presented else- 
where,” ? 
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In considering the significance of the elevated plasma ‘‘hemoglobin’’ lev- 
els, two possible relationships at once come to mind: does the elevation depend 
upon the severity of shock or upon the amount of blood which the patient 
was given? The answer is not obvious, for the patients with most severe 
shock usually received the largest amounts of blood. Available evidence is 
presented in Table I, compiled from the first specimen of blood obtained for 
analysis. The following cases were excluded from the tabulation: all crush 
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Chart 5. 


eases in which benzidine-reacting pigment in the plasma may be assumed to 
have been predominantly myoglobin; all eases in which the initial specimen 
was not obtained within three days of injury; and Case 37, with several 
plasma hemoglobin levels above 200. This figure was so completely out of 
line with all other cases that a unique and unexplained mechanism of hemoly- 
sis must be assumed, Seventy-six cases were available for analysis after these 


exclusions. 
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In compilation of the tables, the patients were divided into three groups: 
(1) those who had received no blood transfusion prior to drawing of the first 
blood specimen for analysis; (2) those who had received small or moderate 
amounts of blood (1 to 3 units, or 500 to 1,500 ¢@.e.); and (3) recipients of 
large quantities of blood (from 4 to 14 units, or 2 to 7 liters). Shock was 
estimated in three grades of severity, and we were fortunate in having a few 
eases without shock for control purposes. The number of cases in some eate- 
gories was so small that it seemed wise to use only two divisions: (1) patients 
with no shock or only slight shock (hereafter referred to as the minimal shock 
group), and (2) patients with moderate or severe grades of shock. 
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Chart 6. 


It is apparent from inspection of Table I that plasma hemoglobin levels 
during the first twenty-four hours after injury showed no elevation which 
eould be attributed either to shock or to infusion of bank blood. The mean 
plasma hemoglobin level for the entire group examined within twenty-four 
hours of injury was 9.6 mg. per 100 ¢.c., a normal figure for the technique 
used. The mean for the moderate-to-severe shock group, 8.8 mg. per 100 c.c. 
of plasma, was actually lower than the mean, 11.7 mg., of the minimal shock 
group. More surprising are the comparisons based on amount of transfused 
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blood. The plasma hemoglobin levels actually appear to decline from a mean 
of 11.1 mg. per 100 ¢.c. in the fourteen patients who had received no blood to 
9.2 in twenty-two patients with one to three preceding transfusions, and a 
minimum level of 7.5 in the five patients who had received the largest amounts 
of blood, 4 to 14 units. These apparently paradoxical differences are not 
statistically significant, but it is clear that no evidence has emerged to indicate 
that during the first twenty-four hours after injury infused hemoglobin from 
stored blood produced any rise in plasma hemoglobin concentration. 
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Chart 7. 


In the succeeding three days, from twenty-four to ninety-six hours after 
injury, some rise in plasma hemoglobin was usually apparent. The mean for 
the thirty-five cases in this category was 16.9 mg. per 100 ¢.c. Once again 
no evidence was obtained that shock per se produced any mobilization of 
hemoglobin. The mean of 17.3 mg. per 100 ¢.c. for the moderate-to-severe 
shock group is not appreciably greater than the 16.0 mg. figure for the min- 
imal shock category. In contrast to the findings in the first twenty-four hours, 
however, there does appear to be evidence that the plasma hemoglobin level 
rises in proportion to the amount of transfused blood, from a mean of 9.2 mg. 
per 100 ¢.c. in the patients who had received no blood, to 15.1 in those who 
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had received 1 to 3 units, and 20.5 in the group of patients treated with four 
or more transfusions. The difference between the first and third of these 
means, 11.3, is more than three times the standard deviation of 3.08. 

In summary, a review of the initial plasma hemoglobin levels of seventy- 
six traumatized individuals suffering from varying degrees of shock, who had 
received from 0 to 14 units of bank blood before the first test sample of plasma 
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Chart 8, 


was obtained for analysis, showed no rise in plasma hemoglobin concentration 
within four days of injury which could be attributed to the state of shock. 
During the first twenty-four hours after injury, the plasma hemoglobin con- 
centration was surprisingly constant regardless of the amount of blood which 
the individual had received. Hemoglobin in solution in the plasma of the in- 
fused bank blood was therefore not sufficient to raise the plasma hemoglobin 
level of the recipient. After the first twenty-four hours, plasma hemoglobin 
levels did rise in the majority of patients. This rise could not be correlated 
with the degree of shock but did show an apparently significant correlation 
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with the amount of transfused blood. Such a delayed hemolytic action could 
be due either to nonspecific, accelerated hemolysis of the infused type ‘‘O”’’ red 
cells or to hemolysis of the recipients’ red cells from accumulation of infused 
iso-agglutinins. Evidence bearing upon this possibility will be presented in 
the following section. 
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Chart 9. 


Tso-agglutinins and Plasma Hemoglobin Concentration——In Chart 9, the 
mean plasma hemoglobin level of fifty-six cases belonging to blood group ‘‘A”’ 
is compared with that of fifty-one cases of blood group ‘‘O.’’ A distinet peak 
in the former curve on the third and fourth days after injury is apparent. At 
this time the mean level in the ‘‘A’’ group was 24 mg. per 100 ¢.e. compared 
with 10 mg. for the ‘‘O”’’ group at the same period. The difference is large 
enough to indicate some degree of hemolysis due to @ agglutinins. No reasor 
is apparent for the rather surprising delayed rise in plasma ‘‘hemoglohin’ 
concentration in the ‘‘O’’ group which appears on the eighth day. The 
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TABLE I, PLASMA HEMOGLOBIN LEVELS (IN MG. PER 100 C.c.) IN RELATION TO SHOCK AND 
AMOUNT OF TRANSFUSED BLOoD* 


























TRANSFUSED BLOOD | SHOCK 0 OR 1 | SHOCK 2 OR 3 | TOTAL 
Less Than 24 Hours After Injury 
No blood 12.4 (7) 9.8 (7) 11.1 (14) 
1-3 units 14.0 (2) 8.7 (20) 9.2 (22) 
4-14 units 6.8 (2) 7.9 (3) 7.5 (5) 
Total BA.g (KE) 8.8 (30) 9.6 (41) 
= 24 to 96 Hours After Injury 
No blood _— 9.2 (5) 9.2 (5) 
1-3 units 16.0 (10) 12.4 (3) 15.1 (13) 
4-14 units epee 20.5 (17) 20.5 (17) 
Total 16.0 (10) 17.3 (25) 16.9 (35) 





*Numbers in parentheses refer to number of cases in each category. Numbers not in 


parentheses represent means of respective categories. 

precipitate character of this peak with its sudden rise and drop, and the lack 
of subsequent rise in the serum bilirubin suggests that this may reasonably 
be ascribed to inadequate sampling or technical error. 

Tso-agglutinins and Lower Nephron Nephrosis—If hemolysis due to iso- 
agglutinins in plasma or bank blood were of importance in the pathogenesis 
of lower nephron nephrosis, the lesion should appear with greater frequency 
in patients of blood groups ‘‘A,’’ ‘‘B,’’ and ‘‘AB’’ than in those of group 
‘*O,’’ since all transfusions, with the two exceptions previously noted, were of 
**O”’ blood. No evidence of any relationship of blood group to mortality or 
to development of renal insufficiency was obtained. In Table II the distribu- 
tion of patients and of fatalities among the four blood groups is tabulated. 
It is evident that in both categories the distribution approximates closely the 
usual figures for a sample of the American population. 


TABLE II. DISTRIBUTION OF BLOOD GROUPS IN TOTAL SERIES OF PATIENTS AND IN FATAL CASES 











PERCENTAGE OF TOTAL PERCENTAGE OF FATAL 
BLOOD GROUP CASES CASES 
O 39.6 39.0 
A 42.6 45.7 
B 11.5 8.5 
AB 6.3 6.8 





Equally negative evidence of any effeet of blood group is shown when the 
fatal cases with renal insufficiency are considered. Blood group was known 
in forty-seven cases which are listed in Table III. It is evident that the dis- 
tribution again approximates that of an average population. 

Relationship of Plasma Hemoglobin Levels to Excretion of Hemoglobin in 
the Urine.—Excretion of hemoglobin in the urine is dependent upon two fae- 
tors: the coneentration of hemoglobin in the blood plasma and the perme- 
ability of the glomerular filter. As has already been pointed out, only one 
patient (Case 37) showed a plasma hemoglobin concentration above 135 mg. 


TABLE III, DISTRIBUTION OF BLOOD GRouPS AMONG FATAL CASES WITH EVIDENCE OF RENAL 
INSUFFICIENCY 

Blood type O A B AB 

Number of cases 20 20 3 4 
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TABLE IV. COMPARISON OF HEMOGLOBIN CONCENTRATION IN PLASMA AND URINE IN TWENTY- 











ONE CASES 
CASE NUMBER | **PLASMA HEMOGLOBIN’? | URINE HEMOGLOBIN 

8 22.3 110.0 
13 6.0 8.0 
18 18.5 12.4 
19 20.5 4.0 
22 9.2 193.0 
34. 2.8 13.8 
38 4.3 92.0 
41 34.6 5.9 
49 13:5 11.0 
54 5.3 18.7 
57 6.1 25.8 
62 4.0 12.2 
64 re | 1.9 
71 68.0 80.8 
86 13.4 8.7 
89 4.0 3.8 
95 44.6 105.0 
108 217 6.0 
112 6.5 8.5 
123 25.0 3.0 
125 8.7 15.0 





per 100 ¢.¢c., the usually accepted threshold level for hemoglobinuria. An 
altered permeability of the glomeruli must therefore be assumed in all other 
patients manifesting hemoglobinuria. If the increase in permeability were 
more or less constant, it might be expected that the degree of hemoglobinuria 
would be influenced by the level of plasma hemoglobin. If the alteration in 
permeability is variable, no such relationship would be demonstrable. 

In Table 1V the concentrations of hemoglobin in plasma and urine are 
shown in twenty-one cases in which the two determinations were made upon 
specimens collected at approximately the same time. The possibility that the 
urine might have been retained within the bladder for many hours before void- 
ing could not always be excluded. No evidence of correlation is present, and 
the Spearman rank order coefficient of correlation (rho) is 0.03, indicating only 
chance relationship between the two series of figures. 

Excretion of Myoglobin in the Urine.—Analyses for hemoglobin and myo- 
globin in the urine were carried out in forty-two cases in which measurable 
amounts of benzidine-positive material were present. Myoglobin was pos- 
itively identified in nineteen cases and was the dominant pigment in fourteen. 
In eight additional cases the test for myoglobin was positive but the propor- 
tion found was so smal] (from 10 to 20 per cent of the benzidine-reacting ma- 
terial) that the results were classed as doubtful. The analyses in the remain- 
ing fifteen cases were recorded as negative (myoglobin 0 to 10 per cent). The 
nineteen positive cases are listed in Table V, with the grade of shock, the con- 
centration of myoglobin and hemoglobin in the urine, the level of benzidine- 
positive material in the blood plasma, and the major clinical diagnoses. 

Inspection of Table V reveals several points of interest. As in the case 
of hemoglobinuria, it is obvious that there is no correlation between the level 
of benzidine-positive material in the plasma and the amount of myoglobin ex- 
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TABLE V. MYOGLOBINURIA 








URINE PLASMA 

















BEN ZIDINE-POSI- | 
HEMO- TIVE MATERIAL | 
CASE | MYOGLOBIN GIOBIN (MG. PER 100 | 
NO. |SHOCK (MG. PER 100 C.C.) C.C. ) | MAJOR DIAGNOSES 
4 3 16.0 Sate 10.3 Gas gangrene; peritonitis 
7 0 16.0 2.5 5.5 Lacerated femoral artery; anastomosis 
9 0 4.0 11.4 3.1 Transfusion reaction 
19 2 4.0 3.5 20.5 Gas gangrene 
25 3 72.0 ae 24.5 Abdominal wound; peritonitis 
37 2 1.0 2.5 266.0 Chest and abdominal wounds 
38 3 420.0 92.0 4.3 Volvulus 
49 3 3.0 11.0 13.5 Abdominal wound 
69 0 588.0 0.0 37.6 Crush syndrome 
70 0 288.0 142.0 8.2 Crush syndrome 
74 1 147.0 61.0 38.2 Burn 
78 1 2.5 2.1 920.0 Crush syndrome 
88 3 36.6 aa 7.4 Abdominal and extremity wounds; per 
itonitis 
89 3 1.5 3.8 4.0 Traumatie amputation 
93 3 67.0 80.0 30.0 Crush syndrome 
97 3 205.0 25.0 es Abdominal wound; peritonitis 
98 2 30.0 ant sida Abdominal and cerebral wounds 
126 2 7.0 ees 9.3 Abdominal wound; peritonitis 
137 0 203.0 41.0 38.4 Lacerated femoral artery 





| 
| 
| 
| 
| 


ereted in the urine. In Case 38, only 4.5 mg. per 100 ¢.c. were found in the 
plasma, while the urine contained the enormous coneentration of 420 mg. per 
100 ¢.c. In contrast, in Case 78, one of the crush syndrome group, the plasma 
coneentration was 920 mg. per 100 ¢.c., the maximal figure of the entire series, 
whereas the urine contained barely enough to measure: only 2.5 mg. 

If the entire group of myoglobinurie cases is considered as a whole, the 
degree of myoglobinuria shows no relationship to the severity of shock. In 
the ‘‘minimal shoek group’’ (as previously defined), the concentrations of 
myoglobin in the urine ranged from 2.5 to 588.0 mg. per 100 ¢.c. In the mod- 
erate-to-severe shock group, the range was from 1 to 420 mg. per 100 e.e. 
The average of seven cases in the minimal shock group was 321 mg. in com- 
parison with 63.7 mg. for the more severe shock group, but with such wide 
rariation in the figures the averages are meaningless. 

When the nature of the major injury or lesion is taken into consideration, 
however, an interesting correlation does become apparent. The eases fall 


TABLE VI 


CASES WITH MUSCLE NECROSIS CASES WITHOUT MUSCLE NECROSIS 














CASE NUMBER | DEGREE OF SHOCK | CASE NUMBER DEGREE OF SHOCK 
69 0 9 0) 
70 0 | 25 a 
78 1 37 2 
93 3 38 3 

7 0 49 3 
89 3 74 ] 
137 0 88 3 
19 2 97 3 
it 3 98 2 

9 


126 
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readily into two groups, depending upon whether extensive necrosis of muscle 
(either ischemic or infectious) was or was not present. They are listed with 
the estimated degrees of shock in Table VI. 

In the first group with extensive necrosis of skeletal muscle, five of the 
nine patients showed minimal or no elinical evidence of shock; in the group 
without extensive muscle necrosis, in contrast, eight fall into the moderate- 
to-severe shock group, and only two into the minimal shock group. One of 
the latter patients, Case 74, with extensive burns, showed sufficient hemocon- 
centration to suggest a more severe grade of shock than was clinically ap- 
parent. These findings strongly suggest on the one hand that myoglobin is 
rarely liberated in the absence of shock unless there has been extensive necro- 
sis of skeletal muscle, and on the other hand that in the presence of severe 
shock there is some mechanism for its mobilization other than muscle necrosis. 


TABLE VII. HEMOGLOBIN VERSUS MYOGLOBIN EXCRETION 











PREDOMINANTLY PREDOMINANTLY 
HEMOGLOBIN MYOGLOBIN 
TYPE OF INJURY OR LESION (NUMBER OF CASES) (NUMBER OF CASES ) 
Crush syndrome 2 3 
Wounds of extremity 19 5) 
Major vascular interruption 11 3 
Clostridial myositis 1 2 
Urinary tract injury _ 2 
Liver injury 4 1 
Abdominal wound 11 3 
Peritonitis 4 3 
Burn 0 ] 
Volvulus 0 1 





Relationship of Hemoglobinuria to Myoglobinuria.—Attempts to correlate 
the variety of pigment excreted in the urine with the type of injury provided 
extremely puzzling results, as may be seen from Table VII, in which cases 
have been classed by the predominant pigment, though many of them showed 
simultaneous excretion of both pigments. Beeause of the frequency of mul- 
tiple injuries, the same case has frequently been included under more than 
one heading. Cases of trauma to the urinary tract have been excluded from 
the hemoglobinurie but not from the myoglobinurie category. 


It is at once evident that any type of injury may be associated with either 
hemoglobinuria or myoglobinuria and that in most types, except the erush 
syndrome and clostridial myositis, the former is by far the more common. It 
is noteworthy that in two typical crush cases no evidence of myoglobin ex- 
eretion was obtained. Neither massive trauma to the extremities nor inter- 
ruption of a major vessel with consequent ischemic necrosis of muscle usually 
resulted in predominant myoglobinuria, and in two of the three cases in which 
it did appear a successful arterial anastomosis had re-established circulation 
of the leg before myoglobinuria was observed. In three patients (Case 70, 
with extensive but superficial burns; Case 38, with volvulus; and Case 8, with 
a mismatehed transfusion) injury of voluntary muscle can be absolutely ex- 
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TABLE VIII. GREATEST CONCENTRATIONS OF HEMOGLOBIN AND MYOGLOBIN OBSERVED IN THE 














URINE 
HEMOGLOBINURIA | MYOGLOBINURIA 
CASE NUMBER | MG. PER 100 C.c. | CASE NUMBER | MG. PER 100 C.c. 

22 193 | 69 588 
70* 132 38* 420 
109 123 70* 288 
8 110 97 205 
56 110 137 203 
95 100 74* 147 
93* 100 25 72 
38* 92 93* 67 
71 81 25 72 
74* 71 88 37 
98* 68 98* 30 
72 58 4 = 








*Indicates cases which appear in both columns. 


cluded. In considering the findings, however, it must be remembered, first, 
that our test for myoglobinuria was crude and was recorded as positive only 
when considerable amounts were present, and second, that myoglobin is rap- 
idly excreted in the absence of renal insufficiency, and the loss of a single 
urine specimen might cause a falsely negative result. 

One final comparison is of interest. In Table VIII the twelve cases show- 
ing the highest coneentrations of hemoglobin and of myoglobin have been 
listed. As in Table VII, cases of trauma to the urinary tract have been elim- 
inated from the hemoglobinurie category. 

It is apparent from these figures that myoglobinuria was frequently 
massive, whereas hemoglobinuria was rarely so when eases of direct trauma to 
the urinary tract were eliminated. It is also noteworthy that five cases (Cases 
38, 70, 74, 93, and 98) appear in both lists, suggesting that the conditions for 
the liberation of myoglobin and of hemoglobin may not be unrelated. 


SUMMARY 


The concentration of benzidine-reacting heme pigment in the blood plasma 
(recorded as ‘‘plasma hemoglobin’’) and the individual concentrations of 
hemoglobin and myoglobin in the urine were measured in a series of trau- 
matized individuals to determine the extent of pigment mobilization. These 
data plus analyses for plasma hemoglobin in the bank blood administered to 
the patients have been analyzed in an attempt to determine the mechanism of 
pigment mobilization and of pigment exeretion by the kidney. 


It was found that the bank blood used in therapy was in a satisfactory 
state of preservation with an average of only 40 mg. of free hemoglobin per 
100 ¢.e. of plasma at the moment of utilization. Even in patients receiving 
multiple transfusions (as high as 10 to 14) the ‘‘plasma hemoglobin’’ levels 
of the recipients showed in the first twenty-four hours no elevation which 
eould be attributed to free hemoglobin in the transfused blood. Analysis of 
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this same group of ‘‘plasma hemoglobin’’ determinations in seventy-six pa- 
tients with various degrees of shock showed no evidence that shock itself 
plasma hemoglobin’’ concentration. 


ee 


induced any immediate increase in 


‘ 


Twenty-four hours after injury, however, a progressive rise in ‘‘plasma 
hemoglobin’’ began to be apparent which rose to a peak between forty-eight 
and seventy-two hours and then slowly dropped to normal over a period of 
two weeks. This peak was approximately twice as high, 36.8 mg. per 100 e.e., 
in thirty-three patients with fatal nephropathy, as in the series as a whole, 
17.3 mg. per 100 ¢.c. No evidence was obtained that it was higher in patients 
with severe shock than in those with minimal or no shock. It was significantly 
higher, however, in patients who had received multiple transfusions than in 
those who had received no blood. Evidence that this delayed rise in ‘‘ plasma 
hemoglobin’’ was largely due to iso-agglutinins was afforded by comparison of 
“A” and ‘‘O”’ recipients. In fifty-six of the former, the mean ‘‘ plasma hemo- 
globin’’ on the third day was 24 mg. per 100 c¢.c., whereas in a sample of fifty- 
one ‘‘Q’’ recipients the corresponding level was only 10.2. This difference was 
of no significance, however, in the development of pigment nephropathy as 
shown by the percentage distribution of nephropathies among the four blood 
groups. This distribution was essentially identical with that of the entire 
series of cases studied by the Board or with an average sampling of the Ameri- 
ean population. 

In twenty-one cases in which ‘‘plasma hemoglobin’’ levels were obtained 
at approximately the same time that the first urine specimen was voided, the 
concentrations of pigment in the two fluids were compared. No evidence of 
correlation was found. It was coneluded that the threshold of hemoglobin 
excretion in traumatized individuals must vary over a wide range. 

Myoglobin was positively identified in the urine of nineteen patients in 
the series, and these cases were subjected to special scrutiny. As in the case 
of hemoglobin, no correlation was found between the concentrations of benzi- 
dine-reacting pigment in the plasma and of myoglobin in the urine. With the 
exception of clear-cut cases of the crush syndrome, the excretion of myoglobin 
could not be predicted from the nature of the patient’s injury or its compliea- 
tions. It was rarely seen in wounds of the extremities, even those associated 
with extensive necrosis of muscle, unless they were complicated by clostridial 
myositis, or, as in two eases, circulation was re-established after a period of 
ischemia by a successful arterial anastomosis. It was sometimes very severe 
in eases with little or no muscle damage. When muscular damage was ex- 
tensive, the mobilization and excretion of myoglobin appeared to be inde- 
pendent of the development of shock. When there was insignificant or no 
musele injury, myoglobinuria was rarely found in the absence of moderate to 
severe shock. Two further observations are noteworthy, though their sig- 
nificance is not apparent. Myoglobinuria was frequently massive, hemoglobin- 
uria rarely so, in the absence of injury to the urinary tract. Myoglobinuria 
and hemoglobinuria of significant degree frequently occurred in the same 
patient, suggesting a common but undiscovered mechanism, 
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CONCLUSIONS 










1. Neither the development of shock nor the therapeutic use of multiple 
transfusions of type ‘‘O’’ bank blood produced immediate elevation of the 
‘*plasma hemoglobin’’ levels of severely wounded men. 

2. The delayed rise in mean ‘‘plasma hemoglobin’’ for the series as a 
whole in the period from twenty-four to ninety-six hours was largely at- 
tributable to iso-agglutinins in the ‘‘O’’ bank blood, since it was absent in a 
sample of fifty-one ‘‘O”’ recipients. 

3. Mean ‘‘plasma hemoglobin’’ concentrations were higher in the patients 
who developed pigment nephrosis than in other traumatized individuals, but 
were still far below the threshold level at which the normal human kidney ex- 
eretes hemoglobin. A depression of the threshold for hemoglobin excretion 
must be assumed. 

4. The lack of correlation between concentrations of benzidine-reacting 
pigment in the plasma and of hemoglobin or myoglobin in the urine suggests 
that this alteration of threshold was variable. 

5. The irregularity with which extensive muscle injury was followed by 
myoglobinuria indicates that some factor other than necrosis of muscle cells 
is involved. This factor is not shock and appears to be the maintenance or 
re-establishment of the circulation in the involved muscles. 

6. In a small number of cases severe myoglobinuria develops in the ab- 
sence of demonstrable muscle injury. The almost constant presence of mod- 
erate or severe shock in such cases suggests the possibility of diffuse ischemic 
injury of musele which is not morphologically recognizable. 

7. The fact that severe myoglobinuria and severe hemoglobinuria were 
frequently observed in the same patient suggests the possibility of a common 
mechanism. 
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